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Abstract 
A Search for Autoprosopagnosia in Schizophrenia 
Farzin Irani, M.S. 
Douglas L. Chute, Ph.D. 
 
 
 
Introduction: Converging evidence from rare neurological and psychiatric cases, and  
findings from normative, neuroimaging and electrophysiological studies reveal a 
dissociation between processing of self and other types of familiar faces.  When the 
ability to distinguish your own face is comparatively impaired, we call it 
“autoprosopagnosia.” Schizophrenia is a disorder characterized by impairments in social 
interactions, a capacity that is influenced by the ability to accurately process faces of 
others and perhaps oneself.  Experimental and anectdotal evidence of self-processing 
deficits in other physical domains (e.g. self-voice, self-hand) makes schizophrenia a 
valuable model for investigation of self face recognition efficiency.  The current study 
extended  prior research that provided preliminary evidence for a self-face recognition 
deficit in 20% of patients with schizophrenia (Irani et al., 2006).  Methods: A sample of 
21 patients with schizophrenia, 19 first degree relatives and 21 age, sex and race matched 
controls made ‘unfamiliar’, ‘familiar’ and ‘self’ decisions about a series of randomly 
presented faces.  The impact of demographic variables, clinical rating scales, schizotypal 
personality traits (relatives) and performance on computerized neuropsychological tests 
was investigated.  Results: Irrespective of age, patients were slower than controls and 
relatives when recognizing facial images. There was a trend for patients to take longer to 
identify self versus other familiar faces.  Accuracy rates were generally high, but reduced 
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in patients due to 5 patients who were unable to recognize their own faces. These 
“autoprosopagnosia” patients were defined by their inability to recognize their own faces 
despite above chance accuracy for familiar (70% accurate) and unfamiliar (78% accurate) 
faces. These patients had more severe deficits in abstraction and spatial functioning as 
measured by neuropsychological tests, and lower levels of social functioning and 
education.  Discussion: Results are discussed with regard to a self-face deficit spectrum 
ranging from transitory phenomena in neurologically normal individuals to 
neurological/psychiatric conditions complicated by self-face recognition deficits (e.g. 
mirror misidentification, prosopagnosia, Capgras delusion) to the autoprosopagnosia 
effect observed in the current study. Taken together results raise questions about a 
functional double dissociation between self and familiar face recognition. The putative 
role of a right frontoparietal network in self-face recognition is discussed.  
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CHAPTER 1: INTRODUCTION 
The efficiency with which the healthy human recognizes and distinguishes 
familiar and unfamiliar faces is remarkable. Accurate perception of identity and emotion 
in faces is crucial for effective social interactions and distinguishing friend from foe 
(Darwin, 1872). Despite extensive research focusing on face perception, there is a 
surprising dearth of studies related to perception of a very familiar face, that of oneself.  
Yet, there is emerging support from rare neurological lesion studies as well as 
neuroimaging, electrophysiological and behavioral studies that indicate a dissociation 
between self and other familiar face processing.  What is less clear is if there is a double 
dissociation between self and familiar face recognition such that the two abilities are 
functionally distinct and either one can proceed without the other due to anatomical  
segregation. If a double dissociation exists, we might expect to find patients who show a 
selective deficit in self-face recognition in the context of intact familiar-face recognition 
and vice-versa.  
Schizophrenia is a disorder characterized by self-processing deficits (e.g. self-
voice, self-hand recognition, self-monitoring) as well as impairments in social cognition.  
Anecdotally, there have been cases which indicate that some schizophrenia patients do 
not recognize images of themselves. In a recent study, we identified a subset (20%) of 
patients with schizophrenia who were unable to recognize images of their own faces, but 
were able to accurately identify family member’s faces (Irani et al., 2006). Coupled with 
findings in the prosopagnosia literature, this is suggestive of a double dissociation 
between self and familiar face recognition.  However, the study was limited by a small 
sample size which limited the generalizability of the findings.   
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The current study extends this work with a larger sample and more closely 
examines patterns of self and familiar face identity recognition in schizophrenia.  Since 
clinical and cognitive variables were previously not examined, we further identified and 
characterized the clinical and neuropsychological features of patients who showed a 
selective deficit in recognizing their own face, in the context of relatively intact familiar 
face recognition, i.e. an “autoprosopagnosia”. Given previously noted deficits in self-face 
recognition in the schizophrenia spectrum, we also examined performance of first-degree 
relatives of patients with schizophrenia.  
The following literature review will begin with a discussion self face processing 
and evidence that it is differs from other familiar face recognition.  Several neurological 
and psychiatric cases involving prosopagnosia, stroke, epilepsy and delusions of 
misidentification are provided that indicate various degrees of impairment in self face 
processing.  Additionally, evidence that certain types of face recognition errors arise as 
transitory phenomena in neurologically normal people is discussed.  Findings from 
neuroimaging and electrophysiological studies also provide insights into possible neural 
networks involved in self face processing.  Next, patterns of face recognition 
performance in a disorder characterized by self processing deficits, i.e. schizophrenia, 
will be discussed.  Finally, the limited work done on self-face recognition in 
schizophrenia will be reviewed and further rationale for the current study will be 
provided. 
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 Are Self Faces Processed Differently From Other Familiar Faces? 
Prosopagnosia  
 There is a significant body of work in cognitive psychology, neuropsychology  
and neuroscience that focuses on face perception and how it differs from the perception 
of objects and involves distinct regions of the brain. The face perception literature has 
roots in lesion and single neuron recording studies of the monkey inferior temporal cortex 
(Desimone, Albright, Gross, & Bruce, 1984; Perrett et al., 1985; Perrett, Smith, & Potter, 
1984) as well as neuropsychological cases involving prosopagnosia.  
The idea of a specialized neural system for face perception was based on early 
observations of patients with focal brain damage who had a selective impairment in the 
ability to recognize familiar faces, but a relatively unimpaired ability to recognize other 
objects (Hecaen & Angelergues, 1962; McNeil & Warrington, 1993). Known as 
‘prosopagnosia’ is derived from the Greek prosopon “face,” and agnosia, “ignorance” or 
“lack of knowledge”.  There are two basic subtypes of acquired prosopagnosias, although 
recently developmental congenital prosopagnosias have also been identified (Duchaine, 
Yovel, Butterworth, & Nakayama, 2006).   
An associative prosopagnosia is characterized by intact basic face perception, but 
difficulty with facial identity recognition. These patients typically show an intact ability 
to make same-different judgments and derive the age and gender from a face, but may not 
be able to subsequently identify the person or provide any information about them such 
as their name or occupation. Sometimes non-face cues such as voice and hair, or even 
particularly distinctive facial features (such as a distinctive moustache) is helpful to these 
patients since the structure of the face does not need to be understood. This type of 
  
4
 
 
prosopagnosia is typically associated with lesions to bilateral inferior occipital and 
temporal visual cortices (inferior components of BA 18 and 19) and posterior temporal 
(BA 37 or fusiform face area) areas of the brain (Benton, 1980; Damasio, Damasio, & 
Van Hoesen, 1982; Sergent, Ohta, & Macdonald, 1992).  
In contrast, apperceptive prosopagnosias are characterized by deficits in early 
visual perception of faces as well as difficulty with facial identity recognition. People 
with this subtype may not be able to make same-different judgments when presented with 
pictures of different faces. They may also be unable to work out attributes such as age or 
gender from a face. However, similar to patients with associative prosopagnosia, they 
may be able to recognize people based on non-face clues such as their clothing, hairstyle 
or voice. This subtype is typically associated with lesions in the right visual association 
cortices within occipital and parietal regions (Benton, 1980; Damasio et al., 1982; 
Sergent et al., 1992).  
 Researchers in the cognitive sciences have used prosopagnosia as a model to 
understand face processing and how it might differ from other object recognition.  
Despite years of discussion, it remains a matter of debate whether the brain contains 
mechanisms that are specialized for processing information via domain-specific 
mechanisms as described by natural kind terms (e.g., faces, animate beings, plants, 
language, children) or domain-general mechanisms or horizontal faculties that operate 
over a wide range of domains.  This debate continues to rage in the models proposed to 
for the cognitive mechanisms underlying prosopagnosia (reviewed in Duchaine et al, 
2006):  
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1) The face-specific explanation proposes that prosopagnosia results from an 
impairment in mechanisms specialized for faces, in particular upright faces 
(Moscovitch, Winocur, & Behrmann, 1997).  This hypothesis was based in part, 
on an investigation of a patient with normal face recognition but with object 
agnosia and dyslexia caused by a closed-head injury. Moscovitch, Winocur and 
Behrmann (1997) administered a series of recognition tests to this patient 
including tasks of upright faces, family resemblance, age-transformed faces, 
caricatures, cartoons, inverted faces, facial features, disguised faces, perceptually 
degraded faces, fractured faces, face parts, and faces whose parts were made of 
objects. Results indicated that the patient performed as well as controls as long as 
the face was upright and retained the configurational integrity among the internal 
facial features, the eyes, nose, and mouth. This held regardless of whether the face 
was disguised or degraded and whether the face was represented as a photo, a 
caricature, a cartoon, or a face composed of objects. For faces composed of 
objects, the patient perceived the face but, unlike controls, was rarely aware that it 
was composed of objects. When the faces, or just the internal features, were 
inverted or when the configurational gestalt was broken by fracturing the face or 
misaligning the top and bottom halves, the patients’ performance was 
significantly reduced compared to controls. The authors concluded that face 
recognition normally depends on two systems: (1) a holistic, face-specific system 
that is dependent on orientation-specific coding of second-order relational features 
(internal) which was intact in this patient and (2) a part-based object-recognition 
system, which was damaged in this patient and which contributes to face 
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recognition when the face stimulus does not satisfy the domain-specific conditions 
needed to activate the face system. Thus, according to this view face and object 
recognition differ in their reliance on “part” representations of arbitrary fragments 
as well as structural component in a shape hierarchy.   
 
2) The individuation or subordinate-level hypothesis  proposes that face recognition 
deficits result from impairment in mechanisms used for the recognition of 
individual items from within a class (Damasio et al., 1982; Rosch, Mervis, Gray, 
Johnson, & Boyes-Braem, 1976).  According to this hypothesis, prosopagnosia is 
not specific to human faces but appears in relation to any visually "ambiguous" 
stimulus whose recognition depends on contextual memory evocation. This 
hypothesis predicts that impairment to the mechanisms used for individual-item 
object recognition will impair performance whenever recognition of individual 
items from a particular class is required. 
 
3) Another related hypothesis, involves the holistic explanation, which proposes that 
prosopagnosia represents the malfunction of one of two hypothetical shape 
representation systems that generate structural descriptions of objects (M. Farah, 
1996). Farah’s two-process theory was based upon her review of 99 cases of 
agnosia not attributable to lower level perceptual deficits. She found that there 
were cases with pure prosopagnosia, pure alexia (an inability to read words), 
alexia with object agnosia, prosopagnosia with object agnosia, and cases with all 
three deficits. She did not find any cases of pure object agnosia or alexia with 
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prosopagnosia. This led to the hypothesis that there are two shape representation 
systems - one constructs structural descriptions for objects that are decomposable 
into numerous parts, and one constructs structural descriptions for objects that 
allow little shape decomposition and so must be represented as a complex whole. 
According to this view, words are handled by the part-based system, faces are 
handled by the holistic system, and objects are handled by a combination of the 
two systems. Thus, alexia results from a deficit in the part-based system whereas 
prosopagnosia is produced by damage to the holistic system. Different varieties of 
object agnosia are produced when one or both systems are malfunctioning. 
According to this view, prosopagnosia will always be accompanied by deficits 
with object classes that allow little shape decomposition 
 
4) The configural processing explanation is similar to Farah’s holistic hypothesis, 
but it places more emphasis on the configural nature of face representation. It 
predicts that prosopagnosia patients will fail with object tasks requiring configural 
processing. Specifically, this perspective argues that faces are processed by 
domain-general configural processing mechanisms and prosopagnosia results 
from impairment to these mechanisms (Levine & Calvanio, 1989). This 
hypothesis was based on a patient with prosopagnosia who failed tasks of visual 
closure despite adequate performance on numerous other tests of visual 
perception and memory. The authors concluded that prosopagnosia represents a 
loss of visual configural processing which they characterized as a learned skill 
enabling immediate identification of individual members of a class without 
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conscious visuospatial analysis or remembering. They argued that prosopagnosia 
and agnosic alexia represented two distinct defects of configural processing where 
alexia patients cannot identify items with distinctive features that are themselves 
identifiable. In contrast, prosopagnosia patients cannot identify objects whose 
critical distinguishing features have no independent identities.  
 
5) The curvature hypothesis is a more recent hypothesis for prosopagnosia which 
argues that impairments leave individuals unable to represent items with 
curvatures (Kosslyn, Hamilton, & Bernstein, 1995; Laeng & Caviness, 2001). 
Laeng and Caviness (2001) showed that a prosopagnosia patient who was as 
accurate as controls on tasks requiring the perception of non-face objects (e.g., 
matching subordinate labels to exemplars, naming two-tone images) but 
performed worse when matching different perspectives of amoebae-like stimuli 
(i.e., volumes made of a single smooth surface). The patient was notably slow in 
perceptual judgments made at very low (subordinate) levels of semantic 
categorization and for objects and artifacts whose geometry presented much 
curved features and surface information. The authors concluded that 
prosopagnosia can be the result of a deficit in the representation of basic 
geometric volumes made of curved surfaces.  More generally, Kosslyn, Hamilton 
and Bernstein (1995) have argued that the impairment is a result of deficit in the 
perception of any curved stimulus.  
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6) Debate regarding the expertise explanation has been most visible in the literature 
and includes components of all the domain-general hypotheses discussed above 
(exception curvature).  It proposes that face recognition is performed by 
mechanisms that operate on classes for which subjects have developed expertise 
(Gauthier & Tarr, 1997).  This view developed from early observations involving 
sensitivity to configural transformations for novices and experts with nonface 
stimuli ("Greebles"). Gauthier and Tarr (1997) originally used a force-choice 
recognition task to ask subjects to identify parts of transformed Greebles. 
Regardless of expertise level, recognition of parts in the “Studied” configuration 
were better than in isolation suggesting an object advantage. For experts, 
recognizing Greeble parts in a “Transformed” configuration was slower than in 
the “Studied” configuration, but only when upright. The authors concluded that 
expertise with visually similar objects, not faces per se, produced configural 
sensitivity.  Thus, the expertise explanation claims that expertise with a class is 
acquired when viewers must repeatedly recognize individual items from a visually 
homogeneous class that share a first-order configuration. This expertise allows 
subjects to represent items from expert classes in a configural or holistic manner. 
Because all expert classes are handled by the same expert mechanisms, this view 
predicts that when these mechanisms are defective subjects will have difficulty 
acquiring and/or using expertise for faces or any other object class.  
 
7) Recently due to greater public awareness, there has been a sharp increase in the 
identification of another subgroup of prosopagnosia patients, i.e. developmental 
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prosopagnosics (Duchaine et al., 2006). These patients may have congenital 
conditions, early brain damage or possible early visual problems which lead to 
lifelong impairments in face recognition.  Based on a series of experiments with a 
developmental prosopagnosia patient, this hypothesis argues that face recognition 
involves face-specific developmental mechanisms different from those producing 
other visual recognition mechanisms (Duchaine et al., 2006).   
 
Overall, while there is variability in the aforementioned hypotheses all agree that 
some mechanism in the visual system is not working properly in prosopagnosia. They 
differ in how to characterize the domain of the impaired mechanisms and the classes the 
mechanisms operate within.  In fact, many possible architectures could give rise to the 
dissociations seen in prosopagnosia and for some of these architectures face recognition 
may rely on a number of different mechanisms (Duchaine et al., 2006). If multiple 
mechanisms contribute to face recognition, then impairment to any of these mechanisms 
could result in prosopagnosia which could account for the variability in prosopagnosia 
cases that are observed.  
The prosopagnosia literature is also notable for an extension of the familiar face 
recognition deficit to that of the patient's own face when seen in a mirror or photograph 
(Damasio, Tranel, & Damasio, 1990; M. Farah, 2002). In these patients there is no sense 
of overt recognition that this face is that of a familiar person, even if it is that of oneself.  
Rates of these self-face recognition deficits in prosopagnosia patients are not available 
and highlight the need for more work in this area.  
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This is an interesting observation and supportive of the proposed idea that there 
are individuals who have difficulty recognizing images of themselves. However, 
interestingly only a small proportion of self-face recognition deficits are reported in the 
literature on prosopagnosia patients. This further highlights the heterogeneity of 
prosopagnosia cases and their putative underlying mechanisms.  The low incidence of 
self-face recognition deficits reported in prosopagnosia could also be indicative of a 
reporting bias that underscores the subjective nature of the deficit.  Self face deficits may 
be less likely to come to clinical attention due to fewer opportunities to confront this 
deficit.  A prosopagnosia patient who is no longer able to recognize his wife is more 
likely to come to clinical attention than a non-delusional patient who cannot recognize 
images of himself/herself in mirrors or photographs. In the absence of explicit testing for 
a self-face recognition deficit the subjective nature of self face recognition deficits may 
influence the under-evaluation and under-diagnosis of such an impairment.     
Other Neurological Cases   
In addition to sporadically reported deficits in self-face recognition in 
prosopagnosia patients, there are a couple of lesion studies reported in the literature that 
provide further support for the idea that some patients have difficulty recognizing images 
of their own face.  For instance, a patient with a left posterior cerebral artery infarct, with 
CT scans showing occipital and splenial lesions, reportedly was unable to recognize 
pictures of herself (Gallois, Ovelacq, Hautecoeur, & Dereux, 1988). She reportedly spoke 
about herself in the third person, gave genuine autobiographical details about herself but 
was unable to say "it is me".  However, this patient also had an alexia without agraphia, a 
right homonymous hemianopsia and agnosia for colors, objects and pictures.  
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Another study also reported a case of an isolated autoprosopagnosia in a young 
man aged 19 years who was followed until age 21 years (Schachter, 1976).  The patient 
reportedly had petit-mal seizures since the age of 18 and was described clinically as 
having a “total absence of hetero-prosopagnosia, color-agnosing agnosia for objects or 
body scheme disorders” and a normal ophtalmologic examination. At the age of 21 the 
autoprosopagnosia reportedly resolved along with the seizures.  
Delusional misidentification syndromes also provide insight into self processing 
deficits. This is an umbrella term for a group of monothematic delusions that occur in the 
context of psychiatric or neurological illnesses. While some have argued about whether 
delusions of misidentification involve delusions or misidentification errors (Markova & 
Berrios, 1994), all delusions of misidentification involve a belief that the identity of a 
person, object or place has somehow changed or been altered.  
Cases of mirror misidentification involve misidentification of one's own mirror 
reflection as another person (Breen, Caine, & Coltheart, 2001; Burns, Jacoby, & Levy, 
1990). This deficit is found in dementia patients at rates of about 30% (Burns et al., 1990) 
although lower rates of 0% to 2.6% have also been reported (Nagahama et al., 2007). 
Recently, Breen, Caine and Coltheart (2001) reported neuropsychological findings from 
two patients presenting with a stable tendency to misidentify their own face as someone 
else's when they looked in a mirror. For both patients this mirrored-self misidentification 
heralded the onset of a progressive dementia. The authors found that while one patient 
showed significant face-processing deficits, the other’s face perception was almost 
normal but with an impaired ability to understand mirror spatial relations. This led the 
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authors to argue that both a perceptual deficit and a deficit in reasoning are necessary to 
lead patients to accept implausible hypotheses.    
The Capgras delusion is another misidentification disorder that is infrequently 
found in the population at a rate of about 0.12% (Dohn & Crews, 1986). Individuals with 
this disorder have the conviction that close relatives have been replaced by near-identical 
doubles or impostors (Ellis & Lewis, 2001). It is observed in schizophrenia at rates of 
about 15% (Dohn & Crews, 1986). Rates in dementia with lewy bodies (DLB) vary from 
38-78% (Nagahama et al., 2007). A third of the documented cases of Capgras  are 
reported to occur in conjunction with traumatic brain injury or TBI (Hirstein & 
Ramachandran, 1997).   
In some cases, patients who experience the Capgras delusion have the same 
reaction when seeing images of themselves. For instance, a patient with a traumatic brain 
injury discussed by Hirstein and Ramachandran (1997) had the classic Capgras belief that 
his parents had been replaced by impostors. However when shown a photograph of 
himself he also stated “that is another DS who looks identical to me but he isn't me - he 
has a moustache' (page 438, Hirsten & Ramachandran, 1997). Investigations of whether 
face processing deficits contribute to the Capgras syndrome have indicated that while 
these patients show face-processing impairments, these deficits do not preclude overt 
recognition of highly familiar faces (Ellis & Young, 1990). In other words, patients with 
this delusion easily recognize the doubles that they say have replaced their relatives, 
arguing against a prosopagnosia type deficit.   
Ellis and Young (1990) have suggested that the Capgras syndrome represents a 
‘mirror image’ of prosopagnosia.  This is based on findings that while prosopagnosics are 
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unable to accurately identify familiar faces they continue to register a strong skin 
conductance response to familiar faces (as do neurological normals) suggesting that the 
face-processing mechanisms remains connected to the limbic system (Bauer, 1984; 
Tranel & Damasio, 1985).  Along with lesion data, this has led to the suggestion that in 
prosopagnosia the ventral route from the visual cortex to the temporal lobes may be 
preserved to allow overt face recognition, but the dorsal visual route responsible for 
giving the face its emotional significance is damaged (H. Ellis & Young, 1990). In 
contrast, Capgras has been thought to associated with a failure of communication 
between the temporal ventral stream (e.g. inferior temporal and other face-sensitive areas 
around the superior temporal sulcus) and the limbic complex especially the amygdalae 
(Hirstein & Ramachandran, 1997).  This failure of communication has been hypothesized 
to lead to disturbances in memory `management' of the kind seen in the patient described 
above (DS) specifically a relatively intact or even exaggerated ability to individuate 
different episodic memories, but a deterioration in the ability to generate enduring 
categories (e.g. `my father ') by extracting and linking a common denominator across 
successive episodes. In other words, the main face-processing difficulty Capgras patients 
may involve a loss of appropriate emotional orienting reactions to faces that have 
personal affective significance.   
Overall, these neurological and psychiatric conditions provide some rare insights 
into the clinical and experimental manifestations of disruptions in self face recognition. 
However, the reduced incidence of self-face recognition deficits may be related to a 
decreased tendency for this impairment to come to clinical attention due to its subjective 
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nature. Further studies are required to more extensively examine the nature of self-face 
recognition deficits in a variety of neurological and psychiatric cases.   
Normative Errors  
Certain types of face recognition errors also arise as transitory phenomena for 
neurologically normal people in everyday life and may parallel more longstanding 
deficits in person recognition noted in neurological cases. For instance, through the study 
of daily-life errors and difficulties in person recognition Young, Hay and Ellis (1985) 
found that healthy people made misidentifications errors where an unfamiliar person is 
misidentified as someone familiar, or a familiar person is misidentified as another. 
Substantial proportions (55%) of these misidentifications were associated with poor 
viewing or hearing conditions. Another common class of errors (reported by 95% of the 
diarists in the Young study) consisted of failures to recognize a familiar person who was 
mistakenly thought to be unfamiliar. This type of error did not occur only when the 
person was of low familiarity or glimpsed in bad light. Of these errors, 42% involved 
highly familiar people and the perceptual conditions were good (Young, Hay, & Ellis, 
1985). The  discovery of these types of errors in healthy people eventually led to the 
influential  Bruce and Young (1986) model of face recognition and laid the foundation 
for subsequent familiar face neural network models that will be discussed here (Haxby, 
Hoffman, & Gobbini, 2000).   
More recently this work was extended in a study examining 70 healthy young 
adult participant’s ability to report incidents involving difficulties in self-face recognition 
(Bredart & Young, 2004). Results indicated that there was a tendency towards three 
categories of reports: (1) misidentifications (i.e., the participants misidentified their own 
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face as being that of another familiar person (n=5), (2) recognition failures (i.e., the 
participants judged their own face to be that of an unfamiliar person (n=20), and (3) 
perception of unusual aspects (i.e., the participants confidently recognized their own face 
but found that the observed face did not fit well with the representations they had of their 
own face (n=26).  
These results highlight normal difficulties in recognizing oneself that occur in 
everyday life which are corrected fairly rapidly in everyday discourse. The nature of 
these recognition failures and anomalies also reflect mild forms of the spectrum of 
difficulties that lead to the clinical face recognition disorders discussed earlier. For 
example, normative failures to recognize oneself could be viewed as non-clinical forms 
of prosopagnosia or autoprosopagnosia. Similarly, failure to recognize one's mirror 
reflection could be mild mirrored-self misidentification and strange feelings triggered by 
seeing one's own face could be viewed as a version of the Capgras delusion.  
 Another body of work has examined reaction time differences when presented 
with self faces and that of familiar others to investigate whether differences exist in 
healthy people.  Some have found that a direct comparison between one’s own face and 
other familiar faces does not result in a reaction time advantage (Bredart & Devue, 2006;  
Kircher et al., 2002; Troje & Kersten, 1999). For instance, there has been no advantage 
for perceptual memory accuracy or just noticeable differences for self faces over that of a 
close colleague's face (Bredart & Devue, 2006).  However, others have demonstrated that 
when self faces are morphed with an unfamiliar face, the reaction time increases 
proportionally to the degree of morphing  of self-faces as compared to other faces (T. T. 
Kircher et al., 2001). Still others have found longer reaction times for morphed images of 
  
17
 
 
“self versus similarly rated unknown faces” and images of “self versus dissimilarly rated 
unknown faces”, but not other morphed versions (H. Yoon & Kircher, 2005).  
Additionally, self faces have been found to produce significantly more interference on the 
identification of a familiar other’s name than a familiar other’s face has on the 
identification of one's own name (Bredart, Delchambre, & Laureys, 2006).  
Hemispheric Specialization 
Prior to the explosion of recent efforts using functional neuroimaging, behavioral 
studies implicated right hemispheric lateralization for self-face recognition.  Studies with 
split brain patients indicated that the right hemisphere had a robust and emotional 
reaction to the self-face (Sperry, Zaidel, & Zaidel, 1979). In another series of split brain 
studies,  Preilowski found that there was almost no difference between brain activity of 
the hemispheres when familiar faces were presented, but the right hemisphere had more 
than twice the activity for the self-face compared to the familiar faces (Preilowski, 1977).  
Additionally, when healthy subjects viewed digital morph movies and indicated 
by a button-press whether they judged them to be “more self than not self”, participants 
were more likely to identify self-to-famous morphed images as self when responding 
with their left hand (Keenan, Freund, Hamilton, Ganis, & Pascual-Leone, 2000; Keenan, 
Wheeler, Gallup, & Pascual-Leone, 2000). Patients undergoing the WADA intracarotid 
amobarbital test for determination of dominant hemisphere for language specialization 
could identify a self-famous morphed face as a “self” face only after inactivation of the 
left hemisphere (Keenan, Nelson, O'Connor, & Pascual-Leone, 2001). A callosotomy 
patient who was asked to search for his own face in a series of self-famous morphs made 
more true-positive and  fewer false-positive responses when responding with the left hand 
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and showed no hand difference when searching for familiar faces (Keenan, Wheeler, 
Platek, Lardi, & Lassonde, 2003).  
In addition, Devinsky (2000) has used lesion studies to show that deficits 
produced by right parietal lesions (neglect, anosognosia), right parietotemporal lesions 
(topographic orientation), right frontotemporal lesions (impulse control) and right frontal 
lesions (social behavior, relation of self to others, social self) all implicate the right 
hemisphere in awareness of the corporeal, emotional, and social self. Furthermore, 
patients with right hemisphere damage also show poor insight into their condition 
indicating a right hemisphere role in self-concept and using external feedback to self-
monitor (Devinsky, 2000; Kaplan & Zaidel, 2001; Uddin, Kaplan, Molnar-Szakacs, 
Zaidel, & Iacoboni, 2005). Patients with mirror sign also show right hemisphere 
neuropsychological dysfunction with relatively spared left hemisphere function (N. Breen 
et al., 2001).  Similarly, in another review of neurological cases of delusions of 
misidentification, right frontal damage was found in 96.6% of the cases leading to 
suggestions of right hemispheric specialization in self-processing  (Feinberg & Keenan, 
2005). 
However, claims of right hemisphere specialization for self-face recognition are 
not universally accepted. A self-famous morphing task with a split-brain patient showed 
that the left hemisphere had a bias for self-face while the right hemisphere showed a bias 
for familiar other-face implicating greater left hemisphere involvement (Turk, 
Heatherton, Macrae, Kelley, & Gazzaniga, 2003; Turk et al., 2002). When asked to 
choose which of two mirror-symmetric chimera images (one made from the left half and 
one from the right half of a photograph of their face) looked more like themselves as 
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remembered, participants showed a significant bias for the composite corresponding to 
the half face in the right visual field of a mirror image and showed the opposite bias when 
asked to make the same choice for images of a close friend (Brady, Campbell, & 
Flaherty, 2004).  
One reason for the variability in these behavioral studies is the inconsistency in 
control for familiarity.  Some studies compared self-faces to famous faces, unknown 
faces or previously learned faces. Yet, different neural responses have been found 
between personally relevant familiar faces and famous familiar faces (Gobbini, 
Leibenluft, Santiago, & Haxby, 2004).  While a simple hemispheric specialization model 
is unlikely to fully account for the complexity involved in processing information about 
oneself, there is support for a special role for the right hemisphere.  
Neuroimaging Findings 
Models of face processing have undergone many stages of evolution since the 
basic sequential modal model first described by Bruce and Young (1985). Briefly, 
according to this model, facial recognition was broadly defined to include “the derivation 
of any type of stored information from faces, including identification or retrieval of 
personal information” (p 305).  In their model, the first stage of face identification 
involves ‘structural encoding’ of the face. Bruce and Young suggest that at this stage a 
representation of the face is created as a result of configurational (expression, eye gaze, 
mouth position) and feature processing involving the arrangement of facial features with 
respect to each other. The representation is then compared with codes stored at the ‘face 
recognition units’ or FRUs.  At this second stage a sense of familiarity may arise as a 
result of a match between the incoming information and the FRU. The FRU then allows 
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access to the ‘person identity nodes’ (PINs) which enables the retrieval of specific, stored 
information about the individual. Accessing the person's name is thought to be the final 
stage of face recognition known as ‘name generation’ and is thought to be possible only 
through the PIN. In the case of unfamiliar faces, Bruce & Young (1986) suggest that in 
addition to the ‘structural encoding’ nodes, ‘directed visual processing’ nodes are 
recruited in order to selectively attend to the visual form of the unfamiliar face. Thus, 
they contrast the processes used to compare and remember unfamiliar faces (via 
‘structural encoding’ and ‘directed visual processing’) with those for familiar faces (via 
‘FRUs’).  
Although this early box-and-arrow diagram was useful in sparking a host of 
studies related to face processing, more recent neural-network implementations of such 
models have allowed more explicit predictions to be generated about mechanisms 
involved in familiar face processing. Gobbini and Haxby (2007) recently proposed a 
model based on an earlier model (Haxby et al., 2000) for the distributed set of areas that 
might mediate familiar face recognition.  Based on their review of the imaging literature 
on face recognition, they indicate that visual appearance is only one component for 
successful recognition of familiar faces. Other fundamental aspects include the retrieval 
of "person knowledge" - the representation of the personal traits, intentions, and outlook 
of someone we know - and the emotional response experienced when seeing a familiar 
individual. They hypothesize that "theory of mind" areas that have been implicated in 
social and cognitive functions other than face perception, play an essential role in the 
spontaneous activation of person knowledge associated with the recognition of familiar 
individuals. As illustrated in their model (Appendix I), they propose structures such as 
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the posterior superior temporal sulcus, inferior occipital and fusiform gyrus as those 
involved in visual appearance. Person knowledge information is presumed to be accessed 
via structures such as the anterior paracingulate, posterior superior temporal 
sulcus/temporal parietal junction, anterior temporal cortex and the precuneus/posterior 
cingulate. Finally, the amygdala and the insula, structures that are involved in the 
representation of emotion, are also included as part of the distributed network of areas 
that are modulated by familiarity, reflecting the role of emotion in face recognition.  
While the Gobbini and Haxby model brings together a vast literature on face 
processing, it omits the growing distinction apparent between self and familiar faces.  As 
noted previously, there is a dissociation between self and familiar face recognition that is 
unaccounted for this model or any other model at the current time. Perhaps this is because 
the literature that has attempted to identify the neural networks that distinguish self from 
other familiar faces is growing and has yet to yield a clear set of neural substrates.  
 Kircher et al (2002) used a blocked design functional magnetic resonance 
imaging (fMRI) paradigm to show that when subjects viewed morphed images of 
themselves (minus activation for viewing an unknown morphed face) there was increased 
blood oxygenation level dependent (BOLD) response in right limbic (hippocampal 
formation, insula, anterior cingulate), left prefrontal cortex and superior temporal cortex  
(Kircher et al., 2001). In contrast, recognition of a romantic partner’s morphed face 
involved only the right insula. In a prior study, the same group found different activation 
in left prefrontal and middle temporal cortex when comparing self-face to unknown faces 
(Kircher et al., 2000).  
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 Another study that did not utilize morphed images found that an fMRI contrast of 
self-faces with familiar famous faces resulted in right middle, superior, and to a lesser 
extent inferior frontal gyrus activation (Platek, Keenan, Gallup, & Mohamed, 2004). The 
superior frontal gyrus has most recently been implicated in self awareness and found to 
not necessary be engaged during sensory perception (Goldberg, Harel, & Malach, 2006).  
 In an investigation of passive and active recognition of one's own face using 
positron emission tomography (PET) and skin conductance responses (SCR) in 9 
subjects, activation was observed in the left fusiform gyrus, right supramarginal gyrus, 
left putamen, and right hippocampus (Sugiura et al., 2000). The active recognition task, 
in comparison to control and passive viewing tasks, resulted in activation in the prefrontal 
cortices, the right anterior cingulate, the right presupplementary motor area, and the left 
insula. The authors indicate that these regions may be involved in sustained attention to 
representations of one’s own face. Furthermore, there was a larger SCR response during 
self-face presentations (both passive and active viewing) relative to unfamiliar faces. The 
authors suggest that there are significant psychophysiological changes during viewing of 
one’s own face that have emotional undertones.  
 More recently, this same group improved over previous studies by including a 
larger sample of 34 subjects and assessed selectivity of activation of self faces by 
excluding activation that could be explained by differences in familiarity (Sugiura et al., 
2005). They adopted reduction models to detect reduction in the amplitude of responses 
through repeated recognition of each face. Stimuli included self-face, the familiar face of 
a personal friend, the pre-learned face of an unfamiliar person and unfamiliar faces.  
Activation selective to the self face was observed in the right occipito-temporo-parietal 
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junction, frontal operculum and left fusiform gyrus. The posterior cingulate cortex and 
parahippocampal gyrus were also bilaterally activated, but these areas were also activated 
during recognition of personally familiar faces. Some areas activated during recognition 
of other familiar faces (temporoparietal junction and anterior temporal cortex) were not 
activated during recognition of self faces, providing further support for the idea that 
recognition of one's own face and that of familiar faces recruit  unique cortical networks.  
A recent study demonstrated further improvements over previous work by 
utilizing a fast event related fMRI design with a large number of trials, at a high field 
strength (3T) and front facing, neutral images of self faces, a personally familiar other 
(fraternity brother) and six novel distracter faces matched for age, gender, ethnicity, and 
level of education (Platek et al., 2006). This study also quantified the duration and quality 
of familiarity of non-self faces.  Results indicated that consistent with previous findings, 
contrasting unknown faces with baseline showed activation of the inferior occipital lobe. 
Activation in response to the familiar face, when contrasted with the unfamiliar face, 
invoked a larger pattern of activation including the insula, middle temporal, inferior 
parietal, and medial frontal lobe activation. Responses to self-faces, when contrasted with 
familiar faces, revealed activation in the right superior frontal gyrus, medial frontal, 
inferior parietal and left middle temporal gyrus. The contrast familiar versus self 
produced activation only in the anterior cingulate gyrus.  
 Most recently, self face evaluations have yielded recruitment of a network 
consisting of the right prefrontal cortex (right middle frontal gyrus, right precentral 
gyrus), insular cortex, occipital cortex, and anterior cingulate cortex (Morita et al., 2008).  
This study highlights a functional dissociation between the right middle frontal gyrus and 
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the right precentral gyrus. The authors indicate that the latter is involved in self-face 
recognition, while the former is selectively engaged in the self-evaluation of perceptual 
feedback.  
Another recent well controlled study using an event related fMRI design in a 3T 
scanner found inferior frontal gyrus, inferior parietal lobule, superior parietal lobule, and 
inferior occipital gyrus activation during self face recognition (Uddin et al., 2005).  When 
viewing familiar others, activation was found in midline structures including the medial 
prefrontal cortex and precuneus.  They additionally found that signal increased in these 
areas as the stimuli contained more “self” rather than “other” in their morphed images. 
Based on these findings and their review of the literature, the authors indicate that a 
frontoparietal network appears to evoke a unique system extending beyond mere 
recognition of faces and that of familiar others. They propose that self-face recognition 
might involve a simulation-like mechanism that recruits right hemisphere mirror neurons 
networks that match the face stimulus to an internal representation of the self; while 
familiar other face recognition might recruit midline structures previously implicated in 
social processing.    
This same group recently used image-guided repetitive transcranial magnetic 
stimulation (rTMS) to create a ’virtual lesion’ over the parietal component of this 
network to test whether this region was necessary for discriminating self-faces from other 
familiar faces (Uddin, Molnar-Szakacs, Zaidel, & Iacoboni, 2006). They found that 1 Hz 
rTMS to the right inferior parietal lobule selectively disrupted performance on a self–
other discrimination task while 1 Hz rTMS to the left inferior parietal lobule had no 
effect. In other words, subjects made more false alarms identifying an image containing 
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mostly ‘other’ as ‘self’ during the right parietal lesion. The authors indicate that 
disruption of processing in the right inferior parietal lobule is sufficient to degrade self-
face recognition performance, highlighting a causal role for this region in self–other 
discrimination  (Uddin et al., 2006) 
 In summary, the literature examining the neural substrates of self face recognition 
is still in its infancy and much more work is needed to more clearly delineate networks of 
activation.  A large part of the discrepancy in the literature appears to be due to the 
significant methodological variability between studies. This has included the use of small 
samples, varying degrees of morphs or tilts, lack of appropriate familiarity controls, 
inadequate or absent baselines and the use of passive or active designs. Spatial 
normalization techniques, statistical analysis , individual differences in subjects’ brain 
structures and the influence of cerebrovascular changes on the BOLD signal can also 
influence interpretations of activation patterns in imaging studies (Farah & Aguirre, 
1999; Hillary & Biswal, 2007). Nevertheless, the preliminary findings from this growing 
body of literature indicate additional regions of activation for self face recognition over 
familiar other face recognition, with the superior frontal/prefrontal cortex and parietal 
lobules as candidate regions for distinguishing the self from others (Decety & 
Sommerville, 2003; L.  Uddin et al., 2006).  
Electrophysiological Findings 
It appears that relative to familiar faces, self faces induce an increased positive 
event related response over the ‘frontocentral area’ at 220-700 ms, except when asked to 
attend (task relevant condition) to the stimulus (Sui, Zhu, & Han, 2006). This shows that 
self-face recognition may evoke automatic processes that tend to occur after structural 
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encoding and may be independent of task relevance. Interestingly, early face-specific 
event-related brain potential components such as the N170 and vertex positive potential 
did not differ between self-face and other face in this study. This further highlights the 
possibility of a unique self-referential system that is recruited in later stages of the face 
perception process.  This system might be linked to emotional processing since relative to 
familiar faces and an image of a red square, self faces have been found to elicit a larger 
P300 response, which has been previously implicated in detection of facial emotions 
(Ninomiya, Onitsuka, Chen, Sato, & Tashiro, 1998).   
Skin resistance responses used as an index of arousal have also been noted to be 
greater and more persistent in response to one's own face than to unknown faces, faces of 
friends, or faces of relatives. For instance, in studies of split-brain patients using “Z-
lenses” to restrict complex visual input to one hemisphere, the largest responses were 
found to pictures of self  faces and this was most pronounced when the right hemisphere 
was targeted (Preilowski, 1977).   
Schizophrenia 
Self Processing Deficits in Schizophrenia 
  Recently some have viewed schizophrenia as a disorder of self processing (T. 
Kircher & David, 2003; Sass & Parnas, 2003) due to disturbances in self-agency, 
self/source-monitoring, and autonoetic consciousness (Blakemore, Smith, Steel, 
Johnstone, & Frith, 2000; Brebion et al., 2000; Danion, Rizzo, & Bruant, 1999).  For 
instance, some have conceptualized hearing voices perceived as someone else as a 
deficiency in a failure to recognize one’s own voice (Frith & Done, 1989). This 
hypothesis has been tested in paradigms where words are provided either by the 
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participant or by the experimenter, and then the participant is required to remember the 
source of these words. Patients with hallucinations, but not delusions, have shown a bias 
towards attributing their own words to an experimenter as compared with either 
psychiatric or normal control subjects (Bentall, Baker, & Havers, 1991).  
Likewise, when patients with schizophrenia report that they feel as though they 
are channeling the thoughts of others (as in instances of “thought insertion”) or that their 
actions are controlled by external forces (as in “delusions of control”), some have viewed 
this as a misattribution of self-generated stimuli to external sources (Blakemore, Oakley, 
& Frith, 2003).    
In another investigation of  self-voice recognition, subjects were asked to 
recognize an audio recording of their own voice reading lists of adjectives from that of 
another voice (Allen et al., 2004). Voices were altered slightly and subjects were asked to 
decipher whose voice they were hearing. Patients with schizophrenia made more errors in 
deciphering their own voice than control subjects and patients without hallucinations or 
delusions.  Interestingly, hallucinating patients made more errors with adjectives that 
were emotional (especially those with negative valences) rather than those that were 
neutral.  The authors indicate that this could be linked to the often derogatory nature of 
command hallucinations that patients frequently report.   
 In an investigation of the ability of patients with schizophrenia to discriminate 
between self-produced and externally produced sensations, subjects underwent tactile 
stimulation to their hands produced either by the subjects themselves or the experimenter 
(Blakemore et al., 2000). The task was to rate the intensity of the stimulation on several 
different levels, such as tickly, pleasant, etc. Healthy controls showed a robust perceptual 
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difference between stimulation that was self-produced and stimulation that was externally 
produced, with those that were self produced being rated as less intense. Stimulation that 
is self-produced is generally rated as less intense because it is expected and can therefore 
be predicted. In contrast, those with schizophrenia did not demonstrate this tendency and 
instead rated them as equally stimulating. This has been viewed as a deficit in the ability 
to distinguish between behaviors that are self-produced and those that are produced by 
other individuals or the environment.  Similarly, patients have been shown to have 
trouble distinguishing between their own hand and the hand of someone else when the 
image of the hands is presented on a television monitor in real time (Daprati et al., 1997).   
 Another set of studies looked at mirror recognition using an adjustable mirror that 
distorts the image, by making it shorter, taller, skinnier or broader (Orbach, Traub, & 
Olson, 1966; Traub & Orbach, 1964). The subjects’ task was to correct the mirror so that 
the image was undistorted as in a regular mirror, using various motors that were 
controlled by the experimenter. Patients with schizophrenia had much greater difficulty 
restoring their images to their true form. Also, the range of acceptability was extremely 
large, and the variability between images in the schizophrenia group was much higher 
than that of the normal subjects. As a control, the experimenters had subjects adjust the 
mirror image of a door, and found that they were able to do so without a problem. This 
argues that the difficulty was in correcting their own images, and not in correcting 
distorted images of other objects.  
These deficits in self processing have also been noted in the schizophrenia 
spectrum. For instance, while healthy individuals showed a left-hand advantage for self-
descriptive adjectives and self-faces, individuals scoring high on schizotypal traits do not 
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show the same left-hand advantage (Platek & Gallup, 2002; Platek,  Myers, Critton, 
&.Gallup, 2003).  
Facial Identity Recognition in Schizophrenia. 
Models of social functioning indicate both cognitive processes and social 
perception skills contribute to social performance failures in schizophrenia (Ihnen, Penn, 
Corrigan, & Martin, 1998; Liberman et al., 1986; Morrison & Bellack, 1981).  
Specifically, there appears to be a correlational and predictive association between 
cognitive factors and psychosocial functioning among persons with schizophrenia 
[reviewed by (Green, 1996)]. Social perception skills are an important aspect of this 
relationship and include skills in self-perception, facial affect recognition, cue 
recognition, and the ability to form inferences about others (Corrigan, 1997; Penn, 
Corrigan, Bentall, Racenstein, & Newman, 1997). Thus, processing of faces, including 
the ability to recognize and remember faces in order to distinguish familiar from 
unfamiliar faces, and to evaluate emotions are critical to effective social functioning.  
  While facial identity recognition has received much attention in delineating 
normal face perception, fewer studies have examined patterns of familiar face identity 
recognition in schizophrenia.  Existing studies have focused on facial affect processing  
and recognition memory for faces [for reviews see (Kohler & Martin, 2006; Mandal, 
Pandey, & Prasad, 1998)].  In the context of this work, studies have shown that 
schizophrenia patients perform poorly on facial affect recognition tasks, but can also be  
more globally impaired on a broad range of facial perception skills (Feinberg, Rifkin, 
Schaffer, & Walker, 1986; Gessler, Cutting, Frith, & Weinman, 1989; Novic, Luchins, & 
Perline, 1984).  Recently, deficits have been noted in facial recognition memory for 
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unfamiliar faces that do not appear to be secondary to generalized object memory deficits  
(M. Calkins, Gur, Ragland, & Gur, 2005; R. Gur et al., 2001). Similar impairments have 
been noted on several other facial recognition memory tests (Gruzelier, Wilson, Liddiard, 
Peters, & Pusavat, 1999; Hellewell, Connell, & Deakin, 1994) and face perceptual tasks 
(Addington & Addington, 1998).  
 Difficulties in remembering the identity of the individual face have been linked 
with deficits in face perception that may be evident in the early stages of visual 
processing (Onitsuka et al., 2006). Patients with schizophrenia have shown significant 
bilateral N170 amplitude reduction in response to images of faces, compared with the 
healthy subjects, but not in response to images of cars.  The N170 is the negative event 
related potential recorded at occipitotemporal leads, which has previously been found to 
be larger in response to faces than to objects in healthy subjects (Watanabe, Kakigi, 
Koyama, & Kirino, 1999). The results of the study by Onitsuka et al (2006) indicate that 
there may be deficits in the early stages of face perception in schizophrenia. This study 
also found that these deficits might be associated with a smaller fusiform gyrus volume in 
patients with schizophrenia, indicating that the fusiform gyrus may be the site of a 
defective anatomical substrate for face processing in schizophrenia. However, a recent 
fMRI study has recently implicated preserved function of the FFA in schizophrenia 
(Yoon, D'Esposito, & Carter, in press).  Yet, measurement of visual scan paths during 
face viewing tasks have found that schizophrenia patients have reduced staring at salient 
facial features, indicating impaired directed attention during the early perceptual 
processing stages in schizophrenia (Gordon et al., 1992). While findings of dysfunction 
in selective attention to stimuli are stable neuropsychological findings in schizophrenia 
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[e.g. (R. Gur et al., 2001)], this study highlights the presence of attentional impairments 
during early phases of face processing.  
 While there has been more focus on facial recognition memory for unfamiliar 
faces in schizophrenia, there are a limited number of studies that have investigated 
recognition of familiar faces.  One study demonstrated a severe famous face naming 
impairment in chronically hospitalized, as well as community-dwelling patients with 
schizophrenia (Laws, McKenna, & Kondel, 1998).  The findings from this study 
indicated that patients varied in their ability to name the face of a famous person and this 
variability depended on the extent of their stored semantic knowledge.  Patients 
demonstrated some benefit from cueing with relative success for recall of high versus low 
familiarity faces.  Another study investigating the role of familiarity found that patients 
with schizophrenia had lower scores on a facial expression recognition task than on a 
familiar face recognition task although with a differential pattern of group performances 
(Archer, Hay, & Young, 1992). Schizophrenia and depressed patients were as accurate as 
controls on the familiar face recognition task, but significantly less accurate than controls 
on the unfamiliar face-matching task. Thus, this study found that emotional processing 
deficits are more salient than familiar face recognition deficits in schizophrenia.  
Self Face Recognition in Schizophrenia 
Anectdotal evidence has implicated self-face recognition deficits in schizophrenia 
patients. For instance, one patient inquired “who is that ugly guy?” when viewing himself 
in the mirror (Gur, personal communication).  Experimental investigations of this have 
remained largely uninvestigated in schizophrenia with only two studies conducted to date 
examining self face recognition in schizophrenia.  
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Most recently, Kircher et al (2007) recruited 20 inpatients with schizophrenia and 
20 controls and presented them with facial stimuli of participants, close same-sex 
relatives of the participants and unknown persons. Mirror transposed and cropped faces 
were placed in oval cut-outs and presented on a computer screen serially under three 
conditions: (I) for 5 s centrally on the screen; (II) in the participants' left and right visual 
hemifields for 100 ms; (III) as morphed blending between the identities, centrally for 5 s. 
The authors found that for experiment (I) error percentages differed between the 
experimental groups (patients: 4.02%, controls: 0.83%) with errors for self-faces (3.69%) 
greater than that for relative's faces (2.47%).  This difference was not present in the 
control group (own face: 0.71%, relative's face: 0.80%; unknown person's face: 0.98%). 
In experiment II, there was again a difference in error rates between experimental groups 
(patients: 10.84%, controls: 4.11%). Furthermore, there was an influence of the factor 
‘hemifield of stimulus presentation’ on the error percentages for the patient group, which 
was not observed in the controls. Patients had an accuracy advantage when stimulating 
the right hemisphere, which was not observed in healthy control subjects. They did not 
find any significant effects in experiment (III). In addition, self-face recognition deficits 
on their dependent measures were related to extent of hallucinations in the patients. They 
argued that the findings supported the notion of a specific self-face processing 
dysfunction in schizophrenia which could be related to altered self-awareness.  
In a prior study of self and familiar face recognition in schizophrenia, we 
investigated the performance of stable, chronic schizophrenia outpatients and their first-
degree relatives on a facial identity recognition task (Irani et al., 2006).  Ten patients with 
schizophrenia, ten first degree relatives of these patients, and ten healthy controls (age, 
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gender, sex matched) were shown a series of faces on a computer screen and asked to 
make ‘unfamiliar’, ‘familiar’, and ‘self’ judgments.  Results indicated that healthy 
controls were faster than relatives who were faster than patients in making the facial 
identity recognition decisions. Self faces took longer than familiar faces, which in turn 
took longer than unfamiliar faces.  Additionally, while there was a trend for controls to be 
more accurate than relatives who were more accurate than patients, this difference was 
not significant.  Limitations in power may have prevented the detection of effects.  Most 
interestingly however, face-recognition errors were made by two patients who didn’t 
recognize self images and instead responded by pressing ‘unfamiliar’ or ‘familiar’ to 
images of their own face. These patients showed 0% accuracy for self-face, but 45% 
accuracy for familiar faces and 73% accuracy for unfamiliar faces. 
 In addition, schizotypal personality traits further influenced performance.  
Relatives with low scores on the social-interpersonal factor scale (consisting of ‘social 
anxiety’, ‘constricted affect’ and ‘no close friends’ subscales) of the schizotypal 
personality questionnaire (SPQ) performed as accurately as controls. In contrast, relatives 
with high scores on the social-disorganizational subscale of the SPQ performed 
significantly worse than controls and relatives with low scores.  Overall, the results from 
this study showed self face recognition deficits in the schizophrenia spectrum. However, 
the small sample size utilized in that study limited the interpretations and generalizability 
of the findings.  
The current proposal aimed to expand and replicate this study with a larger 
sample.  Closer examination was paid to what happens when individuals in the 
schizophrenia spectrum are presented with images of their own face.  Since clinical and 
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cognitive variables were previously not examined, we further identified and characterized 
the clinical and neuropsychological features of patients who showed a selective deficit in 
recognizing their own face, in the context of relatively intact familiar face recognition, 
i.e. patients with an “autoprosopagnosia”. Specifically, the impact of various 
demographic variables, clinical rating scales for symptoms and social functioning, 
neuropsychological test performance and schizotypal personality traits (in relatives) were 
inspected more closely in the current study.  
Summary 
Rare neurological and psychiatric cases indicate various degrees of impairment in 
self face processing.  For instance, some prosopagnosia patients show an extension of the 
familiar face recognition deficit to that of the patient's own face in mirrors or 
photographs.  Similarly, there are a couple of lesion case studies suggesting that stroke or 
epilepsy can also influence the ability to recognize one’s own face. Delusions of 
misidentification involve mirror misidentifications, which occur in 0-30% of patients 
with dementia.  Capgras delusions occur in 15% of patients with schizophrenia, 38-78% 
in patients with DLB and 33% in TBI and are associated with extensions of imposter 
belief to that of their own face. Incidence rates of self-face deficits in delusions of 
misidentification are under-reported. This could be due to the subjective nature of self 
face recognition deficits, which might influence the extent of clinical attention that it 
garners.  
Furthermore, self-face recognition errors also appear to arise as transitory 
phenomena in neurologically normal people in everyday life and may parallel more 
longstanding deficits in person recognition noted in neurological cases.  Findings from 
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behavioral and neuroimaging studies also provide insights into possible neural networks 
involved in self face processing, with a right frontoparietal network implicated 
frequently.  ERP data implicates automatic processes in self-face recognition that occur 
after structural encoding and have emotional significance.  
Schizophrenia is a disorder characterized by impairments in social interactions, 
which might be influenced by the ability to accurately process faces of others and perhaps 
oneself.  Anecdotal evidence of self-face recognition impairments and observed self-
processing deficits in other domains (e.g. self-voice, self-hand, self-monitoring) make 
schizophrenia a valuable model to examine the nature of self face deficits.  One prior 
study has shown that schizophrenia patients exhibit higher error rates for their own face 
presented to their right hemisphere(Kircher, Seiferth, Plewnia, Baar, & Schwabe, 2007). 
Another study with a smaller sample found a selective self-face recognition deficit in 
20% of  patients with schizophrenia, but the small sample limited the conclusions reached 
(Irani et al., 2006). Schizotypal personality traits have also been shown to influence self-
processing efficiency.  
The current study aimed to further examine patterns of performance on a self and 
familiar face recognition task in a larger sample of patients with schizophrenia, their first 
degree relatives and healthy controls.  We paid closer attention to the clinical and 
cognitive factors that distinguished schizophrenia patients without self-face recognition 
deficits from those with self-face recognition deficits.  Patients who performed poorly 
when recognizing self faces were considered for inclusion in an “autoprosopagnosia” 
subgroup.   Based on our prior work, this was operationally defined as 0-10% recognition 
for self-faces and above chance accuracy for familiar and unfamiliar faces (33%).  
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Given previously noted deficits in self-processing in the schizophrenia spectrum, 
we hypothesized that some patients with schizophrenia would perform worse than family 
members who would perform worse than healthy controls on speed and accuracy when 
making decisions about familiarity of faces (controls>relatives>patients). We further 
hypothesized that self faces would result in the longest latencies and lowest accuracies 
for patients with schizophrenia.  Family members would perform intermediate to patients 
and controls.  In addition, we hypothesized that the degree of schizotypal personality 
traits would impact performance on the self-face recognition task. The contributions of 
various demographic variables and clinical rating scales were previously unexamined and 
examined more closely in the current study.  Given prior findings regarding greater 
psychopathology influencing performance on a self-face recognition task (Kircher et al., 
2007), we hypothesized that extent of symptomology would influence task performance. 
The relationship between performance on a battery of computerized neuropsychological 
tests and performance on the self-face recognition task was not examined previously and 
investigated further in the current study.  
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METHODS 
Participants 
Recruitment 
  Twenty-one patients with schizophrenia, 19 first degree relatives and 21 healthy 
controls were recruited from an established cohort of research participants available at the 
Schizophrenia Research Center (SRC) at the University of Pennsylvania (Penn).  
Procedures for recruitment of participants at the SRC included screenings in affiliated 
facilities by a team of trained research coordinators, community presentations and 
periodic advertisements in Hospital, University, community newspapers, the Penn Health 
System and civic organizations. A structured telephone interview was then utilized to 
screen out for exclusionary criteria (see below). Potential participants were then invited 
to complete a comprehensive evaluation.  
To determine eligibility for participation at the SRC, all potential subjects 
undergo a comprehensive intake evaluation including a medical history, neurological and 
psychiatric examination, laboratory tests, record review and consensus diagnoses among 
a team of research psychiatrists (Gur et al., 1991).  Semi-structured clinical interviews 
were additionally administered to participants. These included the Diagnostic Interview 
for Genetic Studies (Nurnberger et al., 1994a, 1994b) which included the Structured 
Interview for Schizotypy (Kendler, Lieberman, & Walsh, 1989a, 1989b) and the Family 
Interview for Genetic Studies (Maxwell, 1992).  
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Inclusion/Exclusion Criteria 
  Inclusion was limited to patients and controls over the age of 18, who were native 
English speakers and able and willing to provide written informed consent. An attempt 
was made to recruit patients who were taking comparable amounts of antipsychotic 
medications (in chlorpromazine equivalents). Patients also required one first degree 
relative willing to participate concurrently.   
 Exclusion criteria for patients included: a history of other psychiatric Axis I 
disorders, history of substance related disorders, history of electroconvulsive therapy, 
history of any neurological event or disease, medical diseases that may affect brain 
function or interfere with participation including hypertension (BP>140/90), cardiac 
disease, diabetes mellitus, endocrine disorders, renal disease, chronic obstructive 
pulmonary disease, orthopedic circumstances, lack of proficiency in English and presence 
of Axis II disorders (e.g. Mental Retardation defined as a Full Scale IQ <70; Learning 
Disorders).  
 Controls additionally had no history of DSM-IV Axis I or II disorders and no 
first-degree relatives with an Axis I disorder. They also needed to have one first degree 
relative willing to participate concurrently. Controls were matched to patients for age, sex 
and race.   
Procedures 
 Following informed consent procedures, all participants had a picture of their face 
taken with a Cannon S400 digital camera. Standardized photographing conditions 
included neutral emotional expressions with direct gaze posed against a white 
background, fluorescent lighting and two feet distance from the camera. Face images 
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were processed using Gimp software (www.gimp.org). Images were cropped at the 
hairline with standard brightness and contrast settings and mounted on a black 
background for stimulus presentation (see Figure 1). Neurobehavioral Systems 
Presentation version 9.0 experimental design software (NINDS; www. neurobs.com) was 
used to present stimuli on a lap top computer. Each face was assigned a specific key on 
the computer keyboard (e.g., Unfamiliar=‘V’ key, Familiar=‘B’ key and Self=’N’ key). 
Upon seeing a face, subjects were instructed to try to respond using the appropriate key 
as accurately and as quickly as possible. Each time a subject made a response, the next 
image automatically appeared. Reaction time was defined by the software as the elapsed 
time between stimulus onset and subject response. There were two runs consisting of 
right and left hand performance, with the first run used for practice. Order of starting with 
right or left hand was counterbalanced. Faces were randomly presented and included 6 
unfamiliar faces matched for race (presented 3 times each), 1 personally familiar face of a 
first degree relative (presented 10 times each) and 1 self face (presented 10 times each).  
The two runs provided 76 face presentations with approximate task duration of 3.5 
minutes. The following instructions were presented on the screen prior to face 
presentations.  
Please indicate if the face that you will see is “Unfamiliar” meaning someone 
that you do not know, “Familiar” meaning someone that you know personally or 
“Self” meaning you.  Please respond as quickly and accurately as you can.   
Following the completion of the task, all participants were asked to complete a post-study 
questionnaire as described below. Additionally, family members and controls were asked 
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to complete a modified version of the Schizotypal Personality Questionnaire as indicated 
below. 
Measures 
Demographics 
Demographic and clinical variables were retrieved from the Schizophrenia 
Research Center clinical database.  These included age, sex, race, education, maternal 
education, paternal education, number of hospitalizations (at entry), age of onset and 
duration of illness.  In the database, age of onset is defined as the emergence of psychotic 
symptoms in the context of functional decline and duration of illness is defined as age at 
intake minus age of onset.  Family history of schizophrenia was characterized by 
multiplex (i.e. at least two first degree relatives with schizophrenia) or simplex family 
structure.  
Clinical Rating Scales 
  As available, clinical symptoms were measured by most recent scores available 
on the Minimental Status Exam (MMSE), Scale for Assessment of Positive symptoms, 
SAPS (Andreasen, 1984), Scale for the Assessment of Negative Symptoms, SANS 
(Andreasen, 1984 b), Brief Psychiatric Rating Scale, BPRS (Ventura et al., 1993) and 
Strauss Carpenter Level of Function Scale, LEV(Strauss & Carpenter, 1972). All scales 
have previously been evaluated by SRC trained research coordinators, physicians or 
psychologists with an overall 0.90 level of reliability (Gur et al., 1991).   
MMSE: A 11-question measure that tests five areas of cognitive function: 
orientation, registration, attention and calculation, recall, and language. The maximum 
score is 30. A score of 23 or lower is usually indicative of cognitive impairment. 
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SAPS and SANS:  The SAPS is a widely used 34-item scale used to assess 
positive symptoms in schizophrenia and is designed for use in conjunction with the 25-
item SANS which is used to assess negative symptoms. Each of the items are scored on a 
Likert type scale that ranges from 0 (no abnormality) to 5 (severe). The SAPS domains 
are hallucinations, delusions, bizarre behavior and formal thought disorder.  The SANS 
domains are affective flattening or blunting, alogia, avolition-apathy, anhedonia-
asociality and attention). For the SAPS, the sum of the 30 individual items produces a 
composite score ranging from 0 to 150. For the SANS, the sum of the 20 individual items 
provides a composite score ranging from 0 to 100. Higher scores represent more severe 
impairment. The psychometric properties of both scales have been widely studied with 
acceptable levels of inter-rater reliability (good to excellent), test-retest (moderate), 
internal consistency (high), construct validity (high) and predictive validity  (Rush, First, 
& Blacker, 2008).  
BPRS: The BPRS is a widely used rating scale used to assess severity of general 
psychopathology including positive, negative, mood, and behavioral symptoms in 
patients with moderate to severe mental disorders. It is an 18-item scale originally 
formulated by using a 7-point range from 1 (not present) to 7 (most severe). Ratings are 
based on clinical observations of symptoms (tension, emotional withdrawal, mannerisms 
and posturing, motor retardation, and uncooperativeness) and subjects’ verbal report of 
symptoms (conceptual disorganization, unusual thought content, anxiety, guilt feelings, 
grandiosity, depressive mood, hostility, somatic concern, hallucinatory behavior, 
suspiciousness, and blunted affect). The total score ranges from 18-126 for the version 
utilized here.  The psychometric properties of the scale show that joint reliability varies 
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(with training and experience of clinicians), but the scale has good internal consistency, 
concurrent and construct validity (Rush et al., 2008).  
LEV: A semi structured interviewer-administered scale containing 9 items in four 
domains, requiring approximately 20 minutes for completion. The items fall into four 
domains with higher scores (on a five-point scale, 0-4) reflecting better functioning. The 
subscales are Social Contacts (frequency and quality of social contacts), Work (quantity 
and quality of useful work), Symptomatology (absence of symptoms and recent 
hospitalization), and Function (fullness of life and overall level of function). Subscale 
scores are calculated as the mean scores for items in each scale. Items are designed so 
that low numbers indicate impaired function and high numbers indicate high function.  
Several items are stated in the negative (LEV 1 = non hospitalization) to retain the 
convention of low score corresponding to low function (low non-hospitalization = high 
hospitalization).  The LEV items are: LEV 1 - Non-hospitalization, LEV 2A = Quality of 
social contacts, LEV 2B = Quantity of social contacts, LEV 3A = Quantity of work, LEV 
3B = Quality of work, LEV 4 = Lack of symptoms, LEV 5 = Ability to meet one’s own 
needs, LEV 6 = Fullness of life, LEV 7 = Overall level of function. A total score is 
calculated as the sum of all subscale scores. 
Modified Schizotypal Personality Questionnaire 
The Schizotypal Personality Questionnaire (SPQ) is a self-report questionnaire 
used to screen for schizotypy or schizotypal personality disorder (Raine, 1991). Each of 
the 74 items presents a statement or question, about which the respondent circles “yes” or 
“no.” Affirmatively-endorsed items count one point toward the total score (range: 0–74), 
with higher scores indicating higher levels of schizotypy.  A confirmatory factor analysis 
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of these nine scales (Raine et al., 1994) showed that the instrument is comprised of three 
main subfactors: (1) cognitive-perceptual (made up of ‘‘ideas of reference’’, ‘‘magical 
thinking’’, ‘‘unusual perceptual experiences’’, ‘‘paranoid ideation’’), (2) social-
interpersonal (‘‘social anxiety’’, ‘‘no close friends’’, ‘‘blunted affect’’, ‘‘paranoid 
ideation’’), and (3) disorganization (‘‘odd behavior’’, ‘‘odd speech’’).  Original 
population norms indicate a mean total SPQ total score of 26 and a standard deviation of 
11 (range = 0-58). 10% high and low cut-offs on the distribution of scores of the SPQ 
were 41 and 12 respectively. Internal consistency reliability, test-retest reliability, and 
criterion validity of the SPQ have been established (Raine, 1991). 
A modified version (126 item) of the SPQ that included 52 validity questions (M. 
E. Calkins, C. E. Curtis, W. M. Grove, & W. G. Iacono, 2004) was used in the current 
study. In the modified version, Minnesota Multiphasic Personality Inventory-2 (MMPI-2; 
Butcher et al. 2001) L (lie; 15 items) and K Scale (defensiveness; 30 items) items are 
interspersed among the 74 SPQ items. The L Scale is designed to assess the respondents' 
tendency to distort their responses by claiming to have virtue not typically found among 
people. High scores on the L scale indicate that respondents attempted to present 
themselves in an overly positive and moralistic fashion (Butcher and Williams 1992). 
The K Scale assesses respondent's willingness to disclose personal problems; high scores 
are associated with a reluctance to disclose personal information and a tendency to deny 
problems (Butcher and Williams 1992). T scores for the L and K scales were derived 
from the MMPI-2 manual.  Seven items modeled after the Infrequency Scale of the 
Personality Research Form (Jackson 1984) are also included. Respondents rarely endorse 
items on this scale. Responding to more than two of the Infrequency items, indicates that 
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the respondent may have responded randomly to test items or assumed an acquiescent 
(yea-saying) approach to the test. When responding to the items, the modified SPQ asks 
participants to refrain from considering episodes when they were under the influence of 
drugs or alcohol and from periods when they were just falling asleep or awakening  
Post-study questionnaire 
An exploratory post-study questionnaire was administered immediately following 
the study (see Appendix II). The questionnaire assessed familiarity (Q1-4) by inquiring 
about length of acquaintance, frequency of interaction, like/dislike and trust/mistrust (S. 
M. Platek et al., 2006) for each of Self, Familiar and Unfamiliar faces. The questionnaire 
also inquired about a subjective sense of performance data for accuracy and time for 
facial identity recognition (Q5-7) for self and familiar faces.  Reasons for 
misidentification errors were further explored in questions regarding frequency of mirror 
and photograph exposure (Q8, 9) as well as other possible reasons (Q10). An opportunity 
was provided for open ended responses.  
Computerized Neuropsychological Test Battery  
As part of research participation at the SRC, many participants were administered 
a computerized neuropsychological (CNP) test battery which has previously been used 
with  healthy controls, patients with schizophrenia and relatives of these patients (R. Gur 
et al., 2007; R. Gur et al., 2001; R. C. Gur et al., 2001).  The batteries have demonstrated 
good test-retest reliability and sensitivity to diagnosis (Gur et al., 2007). CNP batteries 
have been administered during large, multisite studies investigating the genetic 
architecture of candidate endophenotypic markers of schizophrenia that have included the 
Multi-Generational Investigation of Schizophrenia, (Gur et al., 2007), the Consortium on 
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the Genetics of Schizophrenia (Calkins et al., 2007) and the Project Among African 
Americans to Explore Risks for Schizophrenia (Aliyu et al., 2006).  The overall CNP 
protocol is similar across these studies, albeit with some additions/subtractions to subtests 
of the battery.  
  The CNP is administered on a desktop or laptop computer which includes a 
training module and an automated scoring program with direct data downloading. Test 
scores are standardized (z-scores; mean 0, standard deviation 1), based on all healthy 
participants in the CNP normative database, and grouped into summary measures by 
combining each subject’s z-scores on tests assessing the same functional domain (Censits 
et al. 1997; Saykin et al. 1991). Efficiency z scores were utilized for the current analysis 
and calculated based on the accuracy score for each subtest divided by the log base e of 
speed.  The z-score was taken of that value followed by the mean of the efficiency z-
scores for the relevant tests.  For the current study, CNP scores were extracted from the 
SRC database for those who subjects in the sample who had previously completed the 
CNP battery. Not all subjects in the current study had completed the CNP. As described 
recently (Gur et al., 2007) the following cognitive domains are assessed by the CNP:  
Abstraction and mental flexibility (c_abf). The Penn Conditional Exclusion Test 
(Glahn, Cannon, Gur, Ragland, & Gur, 2000; Kurtz, Ragland, Moberg, & Gur, 
2004) presents four objects at a time, and the participant selects the object that 
does not belong with the other three based on one of three sorting principles. 
Sorting principles change and feedback guides identification. 
Attention (c_att). The Penn Continuous Performance Test (Kurtz, Ragland, 
Bilker, Gur, & Gur, 2001)  uses a continuous performance test paradigm where 
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the participant responds to seven-segment displays whenever they form a digit. 
Working memory demands are eliminated because the stimulus is present.  
Verbal memory (c_vmem). The Penn Word Memory Test presents 20 target words 
followed by an immediate recognition trial with targets interspersed with 20 
distracters equated for frequency, length, concreteness, and low imageability 
using Paivio’s norms. Delayed recognition is measured at 20 minutes.   
Face memory (c_fmem). The Penn Face Memory Test presents 20 digitized faces 
subsequently intermixed with 20 foils equated for age, gender, and ethnicity. 
Participants indicate whether or not they recognize each face immediately and at 
20 minutes. 
Working memory (c_wmem). AIM (memory trials only) and Letter-N-Back Test 
(1- and 2- back). The Letter N-Back is a measure of attention and working 
memory. Participants are asked to pay attention to flashing letters on the computer 
screen, one at a time, and to press the spacebar according to three different 
principles or rules: the 0-back, the 1-back and the 2-back. During the 0-back, the 
participant must press the spacebar whenever the letter X appears on the screen. 
During the 1-back, the participant must press the spacebar whenever the letter on 
the screen is the same as the previous letter (i.e. in the series “T”, “R”, “R”, the 
participant should press the spacebar on or immediately after the second “R”). ”). 
During the 2-back, the participant must press the spacebar whenever the letter on 
the screen is the same as the letter before the previous letter (i.e. in the series “T”, 
“G”, “T”, the participant should press the spacebar on or immediately after the 
second “T”). 
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Language (c_lan). The Penn Vocabulary Test is a measure of vocabulary and 
verbal ability.  There are five subtests. Each part contains 15 multiple-choice 
items with four response choices.  The questions in each section are presented in 
order of increasing difficulty.  A section is discontinued if the participant answers 
five questions incorrectly in that section.  Each of the five test parts uses a 
different measure of verbal knowledge.  In Part I, the participant is asked to 
choose a word that is "closest in meaning" to the target word.  In Part II, the 
participant must choose the word that has a similar meaning to a bolded phrase 
within a sentence.  In Part III, the participant must select the one word that is "not 
a valid English word".  In Part IV, the participant selects the word that is "most 
nearly opposite in meaning" to the target word.  And in Part V, the participant is 
give a target sentence with one word in bold, and four additional sentences 
containing the same bolded word.  The participant must decide in which sentence 
the bolded word has a similar meaning as in the target sentence 
Spatial memory (c_smem). The Visual Object Learning Test (Glahn, Gur, 
Ragland, Censits, & Gur, 1997) presents 20 Euclidean shapes subsequently 
interspersed with foils immediately and at 20 minutes.  
Spatial processing (c_spa). Computerized Judgment of Line Orientation is a 
computer adaptation of Benton’s test. Participants see two lines at an angle and 
indicate the corresponding lines on a simultaneously presented array.   
Sensorimotor dexterity (c_sm). The participant uses a mouse to click on squares 
appearing at varied locations on the screen.  The stimuli become progressively 
smaller.  
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Emotion processing (c_emo). Identification of facial affect was tested with a 40-
item Emotion Intensity Discrimination Test (R. E. Gur et al., 2006). Each stimulus 
presents two faces of the same individual showing the same emotion (happy or 
sad) with different intensities. The participant selects the more intense expression. 
Sets were balanced for gender, age, and ethnicity.  
Statistical Analysis  
All continuous variables were examined for violations of the assumption of 
normality prior to hypothesis testing. This included plotting histograms with 
superimposed normal curves as well as box plots to identify outliers.  Skewness and 
kurtosis values were also examined for deviations from normality using the criteria 
skewness/kurtosis<2*standard error of skewness/kurtosis. Shapiro-Wilks tests were 
utilized to identify significant deviations from the assumption of normality (i.e. p<0.05). 
If non-normal distributions were identified, the following steps were taken. First, the 
influence of outliers was examined (using Cooks D values when possible). If outliers 
were more than 3 standard deviations from the mean they were considered for exclusion. 
In the event that exclusion of an outlier was contraindicated (e.g. if outlier reflected 
construct of interest) or did not normalize a distribution, then transformations were 
considered. Logarithmic, square-root, inverse or area transformations were applied based 
on guidelines provided according to nature of skewness or kurtosis (Garson, 2008). 
Success of the transformation was evaluated using Shapiro-Wilks test for normality.  
Three main sets of analyses were conducted. The first set involved the overall 
sample of patients, family members and controls.  The second set of statistics involved a 
subgroup analysis of patients who were operationally defined as having 
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“autoprosopagnosia” based on 0-10% accuracy for self-faces and above chance accuracy 
for familiar and unfamiliar faces. A third involved an examination of schizotypal 
personality traits in relatives and controls. All analyses first compared distributions of 
demographic and clinical variables and then examined computerized neuropsychological 
test performance. This was followed by further examination of hypotheses regarding 
speed and accuracy on the self-face recognition task.  
 In order to identify any potential confounding variables for the main analyses, a 
series of one way ANOVAs or chi square (categorical variables) analyses were conducted 
to compare groups on basic demographic and clinical variables including age, education, 
parental education, sex, race, handedness, age of onset, duration of illness,  number of 
hospitalizations and clinical scales. If a significant difference between groups was 
identified, this variable was included as a covariate in subsequent analyses.  In addition,  
to examine the relationship between CNP task performance in 10 cognitive domains and 
the self face recognition task, partial correlations between the dependent variables 
(reaction time and accuracy) and CNP efficiency scores were examined. 
 For the main analysis, a 3x3 (Group: patient, relative, control and Face type: self, 
familiar, unfamiliar) repeated measures ANCOVA was conducted separately for two 
dependent variables - reaction time (ms) and performance data (% correct). A separate 2 
X 3 repeated measures ANCOVA was conducted for Autoprosopagnosia (Yes, No) x 
Face Type (Self, Familiar, Unfamiliar) for the two dependent variables.  Similarly, the 
influence of schizotypal traits in relatives and controls was also examined using a similar 
ANCOVA structure using age as a covariate, SPQ score (High, Low) as the between 
subjects factor and Face Type (Unfamiliar, Familiar, Self) as the within subjects factor.  
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In addition to the overall SPQ score, subscale scores for the Social Interpersonal, 
Disorganization and Cognitive-Perceptual scales were also investigated.  
Levene’s test was used to examine the homogeneity of variance assumption in 
ANOVA throughout.  Welch’s ANOVA statistic was used when group variances were 
not equal or for extremely unequal sample sizes (i.e. autoprosopagnosia analyses).  Post-
hoc analysis used the conservative Tukey’s HSD, unless variances were unequal in which 
case the Games-Howell statistic for unequal variances were selected.  Non-parametric 
comparisons were examined using the Mann-Whitney test for two independent samples.  
A response error analysis was also conducted for autoprosopagnosia patients to 
evaluate the rate at which mistakes are misattributed to other face class stimuli. The post-
questionnaire data was analyzed using an exploratory framework with descriptive 
statistics generated for each Likert-type response on a question.  Efficiency on the self-
face recognition task was calculated by dividing overall mean accuracy by the log base e 
of mean reaction time.  
Of note, non-transformed data are presented in Tables and Figure. Also note that 
since ANCOVA analyses were conducted, Figures represent estimated marginal means 
for the dependent variables with the effect of the covariate partialled out.  
All statistical analyses were conducted using SPSS version 15.0 and statistical 
significance was indicated at a two tailed significance level of p<0.05, unless indicated 
otherwise. 
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RESULTS 
Overall Sample 
Demographic Characteristics 
The original sample consisted of 22 patients, 22 family members and 21 healthy 
controls. Data from two participants was not considered in the analyses since they 
reported that they misunderstood task instructions.  One participant’s results were lost 
due to a computer technical error. One relative was identified as having schizophreniform 
disorder following study completion and was recoded as a patient. As such, the final 
sample consisted of 21 patients, 19 relatives and 21 controls.  
 Descriptive statistics for sample demographic variables such as age, education, 
maternal education, paternal education, sex, race and handedness are presented in Table 
1.  Groups were compared across these variables in order to identify potential covariates 
for subsequent analyses. Results from one way ANOVA (continuous variables) and chi-
square comparisons (categorical variables) across experimental groups indicated no 
significant differences across groups for any demographic variable, except for age.  
Tukeys’ HSD post-hoc tests showed that relatives were significantly older than patients 
(p<0.001) and controls (p<0.001) while patients and controls were matched for age 
(p=0.94). Age was also correlated with reaction time (r=-0.26, p=0.038) and was included 
as a covariate for subsequent main analyses.  
Clinical Characteristics 
Among the schizophrenia patients, 45% were of the Paranoid subtype, 45% were 
Undifferentiated and 5% were Disorganized. One patient was recently diagnosed with 
schizophreniform disorder. Majority of families were from a simplex family structure 
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(81%) while 19% (4 families) were from multiplex families. Available medication 
information showed that 7 patients were exposed to typical antipsychotics prior to testing, 
with the last dose at a mean Chlorpromazine equivalence of 470.00 + 227.08. In addition, 
12 patients were exposed to atypical antipsychotics prior to testing with the last dose at 
an Olanzapine equivalent dose of 11.14 + 1.73.  
Among the relatives, 90% were parents, 5% were siblings and 5% were children 
of the proband.  The majority of relatives had no Axis I disorders with the exception of 
two individuals. One family member had a history of dysthymia, alcohol and cannabis 
abuse, while another had a history of alcohol, cocaine and amphetamine abuse.  
Additional clinical characteristics for patients are presented in Table 2. Patients varied in 
the length of their illness, ages of onset and number of hospitalizations. They 
demonstrated mild to moderate levels of overall psychopathology as well as positive and 
negative symptoms. Outliers were removed for age of onset (50 years) and the SANS 
distribution. A logarithmic transformation was successfully applied to normalize positive 
skew in distributions for duration of illness and SAPS scores. The MMSE distribution 
was negatively skewed and required a transformation that subtracted all values from the 
highest value plus 1 and then applied a logarithmic transformation.   
Reaction time 
Reaction time data had significant levels of kurtosis (leptokurtic) and skew 
(positive) indicating violation of the assumption of normality (Shapiro-Wilks<0.001).   
There were outliers with long reaction times.  An area transformation using Rankits 
formula was required which provided z scores from the standard normal distribution that 
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corresponded to the estimated cumulative proportion and normalized the distribution 
(Garson, 2008).   
Table 3 shows the means and standard deviations for reaction time data for each 
type of face presented.  A repeated-measures ANCOVA using age as a covariate with 
Face Type (unfamiliar, familiar, self) as the within-subjects factor and Group (control, 
patient, relative) as the between-subjects factor showed a main effect for Group (F=5.8, 
df=2, 55, p=0.005, partial eta squared=0.17, observed power=0.85). As illustrated in 
Figure 1, post-hoc comparisons indicated that patients were significantly slower than 
controls and relatives.  Age was a not a significant covariate (F=2.42, df=1, 55, p=0.12).  
In addition, there was a trend for a significant Group x Face Type interaction 
(F=2.75, df=2, 55, p=0.072) which might have been underpowered (observed 
power=0.52).  Figure 2 illustrates this trend which, if significant, would indicate that the 
effect of Face Type depends on Group. Specifically, patients took the longest to identify 
their own faces and the least time to identify the face of a familiar other. In contrast, 
relatives and controls were generally faster for all three types of faces.  
Accuracy 
Accuracy data also had significant levels of kurtosis (leptokurtic) and skew 
(negative) leading to violation of the assumption of normality (Shapiro-Wilks<0.001).   
There were outliers present with extremely low accuracy rates, however since these 
outliers were part of the criterion measure of interest they were not evaluated for 
exclusion. Instead, an area transformation using Rankits formula was applied which 
provided z scores from the standard normal distribution that corresponded to the 
estimated cumulative proportion which normalized the distribution (Shapiro 
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Wilks<0.001). Levene’s test showed violation of the assumption of homogeneity of 
variance. However, ANOVA is robust for mild-moderate departures from the assumption 
of homogeneity of variance (Box, 1954) and thus a cautionary note is provided.  
Table 3 shows the means and standard deviations for accuracy data for each type 
of face presented which indicates fairly high accuracy rates overall.  A repeated-measures 
ANCOVA showed a significant Group x Face Type interaction (F=4.92, df=2, 55, 
p=0.011, partial eta square=0.15, observed power=0.78).  Controls and relatives 
demonstrated high accuracy rates across all types of faces but patients were significantly 
less accurate when identifying faces of themselves (Figure 4).  Post-hoc t tests indicated 
that patient’s accuracy for familiar faces was significantly higher than accuracy for 
unfamiliar faces and self faces (p<0.0001).  In order to examine the effect of outliers, i.e.  
autoprosopagnosia cases, the ANCOVA was reanalyzed without autoprosopagnosia 
patients. This time, there was no significant interaction or main effect indicating that the 
low accuracy rates for patients was influenced by the 5 autoprosopagnosia patients.  
Reaction Time and Accuracy 
Mean reaction time and accuracy scores were negatively correlated with each 
other (r=-0.27, p=0.038) indicating that participants who were slower also had lower 
accuracy rates.  Mean efficiency scores were calculated for performance on self faces 
based on mean self-face accuracy divided by the log base e of the self-face reaction time. 
A histogram and normal probability plot are provided in Figure 5 for the overall sample. 
As indicated in this figure, five patients had an efficiency of less than 0.20 which were 
low probability events. A closer examination of group performance is provided in Figure 
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6 and demonstrates a greater spectrum of self-face recognition efficiency in patients as 
compared to family members and controls.  
CNP 
The number of subjects who completed various cognitive domains of the 
computerized neuropsychological test battery was not equally distributed across groups 
due to slight differences in the CNP batteries used in genetic studies at the SRC. The 
language domain contained the fewest number of subjects (8 patients, 3 relatives, 2 
controls).  Across other domains, patients were well represented (17-20), followed by 
family members (5-12) and controls (2-4). Levene’s test showed violation of the 
assumption of homogeneity of variance for the following domains: c_vmem (4.6, df=2, 
23, p=0.02), c_fmem (4.5, df=2, 33, p=0.018) and c_sm (3.581, df=2, 33, p=.039).   
Due to unequal sample sizes and variances, Welch's variance-weighted ANOVAs 
were used to compare mean cognitive efficiency scores across patients, relatives and 
controls.  As shown in Figure 7, results indicated that composite efficiency z scores were 
significantly different across groups at the adjusted p value of p=0.005 for c_fmem 
(F=38.8, df=2, 20.9, p<0.001) and at p<0.05 for the following cognitive domains: c_att 
(F=6.5, df=2, 8.5, p=0.019), c_vmem (F=13.5, df=2, 5.3, p=0.008) c_smem (F=4.4, df=2, 
11.4, p=0.038) and c_lan (F=7.5, df=2, 4.2, p=0.04).  Post-hoc analysis using the Games-
Howell statistic designed for unequal variances and unequal sample sizes indicated that 
patients performed worse than controls for all aforementioned significant cognitive 
domains including c_att (p=0.012), c_vmem (p=0.007), c_fmem (p<0.001), c_smem 
(p=0.037) and c_lan (p=0.018).  Caution however is required in interpreting the 
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significant difference in the language domain due to sparse number of controls in the 
current sample who had completed this subtest.  
CNP efficiency scores were also compared to efficiency scores on the self-face 
recognition task (mean accuracy divided by log base e reaction time) for the entire 
sample.  Results indicated that for the overall sample, self-face recognition task 
efficiency was correlated with efficiency on the c_abf (r=0.49, p=0.002), c_fmem 
(r=0.47, p=0.003), c_wmem (r=0.63, p<0.001), c_spa (r=0.56, p=0.001), c_sm (r=0.66, 
p<0.001) and c_emo (r=0.51, p=0.001) tasks.  It was not correlated with c_att (r=0.42, 
p=0.059), c_vmem (r=0.34, p=0.081), c_smem (r=0.32, p=0.052) and c_lan (r=0.49, 
p=0.089) domains. In controls, self-face recognition task efficiency was correlated with 
c_fmem (r=-0.98, p=0.02) and c_smem (r=0.99, p=0.022). Caution however is required 
in interpretation since correlations are based on only 4 subjects.  
Autoprospoagnosia 
Demographic and Clinical Variables 
Scores for demographics were compared for autoprosopagnosia patients and non-
autoprosopagnosia patients using Welch's variance-weighted ANOVAs for unequal 
sample sizes for continuous variables and the Mann-Whitney test for two independent 
samples for categorical variables (sex, race, handedness, schizophrenia subtype, 
multiplex). For one variable (number of hospitalizations) there were too few values to 
allow further evaluation. As indicated in Table 4, the only demographic variable that 
showed statistical differentiation between the two groups was education (F=15.10, df=1, 
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20.53, p=0.001).  Patients with autoprosopagnosia had significantly less education than 
those without autoprosopagnosia.  
Scores on clinical scales for SAPS, SANS, BPRS, LEV and MMSE were also 
compared between groups and are presented in Table 5.  Total score on the Level of 
Function scale was the only one that distinguished patients with and without 
autoprosopagnosia. Patients with autoprosopagnosia had lower levels of total function 
than those without autoprosopagnosia. A closer look at the individual items on the LEV 
indicated that patients with autoprosopagnosia scored worse in terms of the quality of 
their social relations (LEV 2b: F=5.52, df=1, 10, p=0.041), absence of symptoms (LEV 4: 
F=7.89, df=1, 10, p=0.018), and ability to meet own basic needs (LEV5: F=5.21, df=1, 
10, p=0.045).  Specifically, patients with autoprosopagnosia tended to report that they 
had rather superficial relationships with friends (mean=1), had moderate-severe signs and 
symptoms (mean=1.5) and needed some help with basic needs (mean=2.5). 
Reaction Time and Accuracy 
Due to unequal sample sizes and variances, Welch's variance-weighted ANOVAs 
were utilized to compare reaction time and accuracy for autoprosopagnosia patients (n=5) 
and non-autoprosopagnosia patients (n=18).  Table 6 shows the means and standard 
deviations for reaction time and accuracy for each type of face for both groups of 
patients. As shown in Figure 8, while there was a trend for autoprosopagosia patients to 
be slower than those without autoprosopagnosia this did not reach statistical significance 
(p=0.084). In terms of accuracy, there was no difference between patients with and 
without autoprosopagnosia for unfamiliar (F=1.92, df=1, 4.90, p=0.22) or familiar 
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(F=2.52, df=1, 4.01, p=0.18) faces.  As shown in Figure 9, patients with 
autoprosopagnosia were markedly less accurate than those without autoprosopagnosia. 
Post-hoc Mann-Whitney comparisons showed that patients with autoprosopagnosia were 
significantly less accurate for self faces (Mann-Whitney U=0, p<0.0001) but not the other 
two types of faces.  
A response error analysis for errors made by autoprosopagnosia patients is shown 
in Table 7. As indicated in the table, autoprosopagnosia patients showed 70-78% 
accuracy for familiar and unfamiliar faces, but were unable to recognize their own faces. 
While there were a handful of erroneous positive ‘v’ key presses for the self-face (likely 
due to button press errors), this accounted for a small proportion of the responses.  The 
greatest number of errors for self-faces resulted from patients responding unfamiliar to 
self faces (73%) and then familiar to self faces (27%). While autoprosopagnosia patients 
were largely intact when making unfamiliar and familiar face decisions, they chose 
unfamiliar for familiar faces 36% of the time, followed by familiar responses to self-faces 
27% of the time. 
CNP 
Computerized neuropsychological test efficiency for autoprosopagnosia patients 
was compared to non-autoprosopagnosia patients using Welch's variance-weighted 
ANOVAs for unequal sample sizes. Figure 10 shows significant differences across 
groups for cognitive efficiency in domains for c_abf (F=12.1, df=1, 9.9, p=0.006), c_lan 
(F=12.1, df=1, 5.1, p=0.016) and c_spa (F=7.2, df=1, 4.5, p=0.047) where patients with 
autoprosopagnosia were significantly worse than non-autoprosopagnosia patients across 
these domains.  Of note however, the language domain requires caution in interpretation 
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due to the sparse number of patients who completed this task (only one patient in each 
group). In addition, partial correlations between CNP performance and reaction time on 
the self-face recognition task were significant for c_fmem (r=-0.84, p=0.009) and c_spa 
(r=-0.84, p=0.009). There was no significance for accuracy.  
Schizotypal Personality Questionnaire 
Validity Scales 
Modified SPQ validity scales were used to screen for response bias. At most one 
infrequency item was endorsed by participants, indicating non-random responses for all 
respondents.  There were no K scores >65T, indicating that the respondents were willing 
to disclose personal problems (mean=42T, sd=9).  On the L scale however, over 75% of 
responses were over 74T (sd 18) and there was a significant amount of variance in the 
groups (Levenes 1, 30=13.9, p=0.001).  Table 7 shows that unexpectedly the relatives 
were significantly lower on the L scale than the comparison subjects (p=0.013). However 
it has been noted previously that within the context of the SPQ, the L scale does not 
appear to operate as it does within the context of the MMPI-2 possibly because all SPQ 
items contain obvious psychopathological content whereas the MMPI-2 also contains 
items that are not face valid (M. E. Calkins et al., 2004). Therefore, because an L Scale 
T-score cutoff of 65 may not be appropriate within the context of the SPQ, participants 
with T > 65 were not excluded.  
Impact of Schizotypal Personality Traits 
Table 7 shows that one way ANOVAs did not reveal significant differences 
across any of the SPQ total or subscale scores, except for the SPQ disorganization 
subscale for which relatives scored marginally higher than controls (p=0.046).  
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Original SPQ total scores ranged from 0 to 33 with a mean of 16, standard 
deviation of 11 and median of 16. Since relatives and controls were not significantly 
different on total Original SPQ total scores, these scores were recoded to indicate low 
SPQ (<15) and high SPQ (>16) scores. Reaction time and accuracy effects were explored 
in two separate repeated measures ANCOVAs using age as a covariate, one between 
subjects factors, i.e. SPQ score (High, Low) and one within subjects factor, i.e. Face 
Type (Unfamiliar, Familiar, Self). There were no significant main effects or interaction 
effects for reaction time or accuracy. Figures 11 and 12 show that while individuals with 
low SPQ scores tended to be faster and slightly more accurate than individuals with high 
SPQ scores on all three types of faces, these trends did not reach significance.  
Interestingly, differences between groups for reaction time to unfamiliar faces appeared 
to be less than that for familiar or self faces.  
SPQ subscale effects were investigated separately. The Social-Interpersonal 
subscale had a mean of 6.71, standard deviation of 4.87 and median of 6.00. Low scorers 
were defined by scores < 6 while high scorers were defined by scores > 7.  The 
Disorganization subscale had a mean of 3.18, a standard deviation of 3.06 and a mode of 
0.  High scorers on this scale were defined by scores > 4 while low scorers were defined 
by scores < 3. The Cognitive-Perceptual factor had a mean of 7.18, a standard deviation 
of 5.29 and a median of 7.00. High scorers were defined by scores > 8 while low scorers 
were defined by scores < 7.  
Results indicated no significant main or interaction effects, with the exception of 
age (F=18.50, df=1, 31, p<0.001, partial eta squared=0.36, observed power=0.98).  A 
similar pattern was noted on the Disorganization subscale for age (F=17.20, df=1, 31, 
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p<0.0001, partial eta squared=0.35, observed power=0.98). There were no significant 
effects for accuracy for either subscale. The Cognitive-Perceptual Scale did not yield any 
significant effects for reaction time or accuracy.   
Post-Study Questionnaire 
The post-study questionnaire is presented in Appendix II and lists individual 
questions and the Likert type scale utilized for ratings.   
Q1. Length of acquaintance: Participants accurately indicated that they had known the 
self image for their entire life (3.86 + 65)1, their family member for most or all of their 
life (3.39 + 0.83) and had never seen the unfamiliar face before (1.08 + 0.22). Exceptions 
were one patient thought that she had known two of the unfamiliar faces for a few years. 
This non-autoprosopagnosic patient was delusional during the task and frequently 
commented  “this is X from college” or “this is my neighbor”. Patients with 
autoprosopagnosia were more likely to not answer the first 3 questions stating that they 
were not sure how to answer them. One family member did not identify the face of his 
son and commented "sparse hair and curled lip on family member picture deceived me". 
Q2. Frequency of interaction: Participants accurately indicated daily contact with 
themselves (5.81 + 0.85), weekly or daily contact with their family members (5.26 + 1.3) 
no interaction with the unfamiliar face (1.17 + 0.65). One patient stated that he interacts 
with himself less than once/year and one family member (as indicated above) indicated 
that he never interacts with his son. Two patients indicated monthly and annual 
interaction with the unfamiliar face.  
                                                 
1 (mean + standard deviation)  is indicated throughout 
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Q3. Like/dislike: Participants, including autoprosopagnosia patients, generally indicated 
that they liked or intensely liked their own faces (5.91 + 1.62) and that of their family 
member (6.30 + 1.42). Two patients with schizophrenia indicated that they either 
intensely disliked or disliked their own face. All participants were more neutral towards 
images of unfamiliar faces (4.04 + 0.47). 
Q4. Trust/mistrust: Participants indicated that they trusted or intensely trusted themselves 
(6.39 + 1.46) and their family members (6.21 + 1.04) and were more neutral towards 
unfamiliar faces (3.86 + 0.54). One patient indicated that she intensely distrusted her own 
face and another was moderately distrustful of his own image. The family member who 
did not recognize his son’s image was neutral towards the familiar face.  
Q5: Self assessment of accuracy: Participants generally believed that they were mostly or 
very accurate on the task (4.40 + 1.81). Two of the participants who made mistakes (as 
indicated above) believed they were accurate, while one patient and the family member 
acknowledged that they were not accurate or somewhat accurate.  
Q6: Self assessment of latency to recognize family member:  Participants generally 
believed that they recognized their family member immediately (1.31 + 0.77). The family 
member with a prosopagnosic pattern of response acknowledged that he didn’t recognize 
his son at all. One patient acknowledged that it took a few presentations of his family 
members’ face in order to recognize it.  
Q7: Self assessment of latency to recognize self face:  Participants generally indicated 
that they recognized their own faces immediately (1.13 + 0.46). Two patients indicated 
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that they recognized themselves after a few or several presentations of their face. None 
indicated that they didn’t recognize themselves at all.  
Q8: Mirror exposure: Most participants indicated an average amount of exposure to 
mirrors (3.36 + 1.21). One family member (prosopsagnosic) and one autoprosopagnosia 
patient indicated that they never look at themselves in the mirror.  
Q9: Photograph exposure: Most participants indicated an average amount of exposure to 
photographs of themselves (3 + 1.15). The same two participants as indicted in Q8 
indicated minimal photograph exposure.  
Q10: Reasons for difficulties on task:  Of the participants that answered this questions, 
the following items were endorsed: inattention (4 endorsements), perceived differences in 
facial features (3 endorsements) and face out of context (2 endorsements).  Two of the 
autoprosopagnosia patients responded to this question as indicated in Appendix III’s  
written comments in reference to this question.    
 
CHAPTER 4: DISCUSSION 
Gobbini and Haxby (2007) proposed a neural model of familiar face processing 
that indicates that visual appearance is only one component for successful recognition of 
familiar faces (Appendix I).  Other fundamental aspects include the retrieval of "person 
knowledge" - the representation of the personal traits, intentions, and outlook of someone 
we know - and the emotional response experienced when seeing a familiar face. While 
this model brings together a vast literature on familiar face processing, it does not include 
a distinction between self and familiar faces that is increasingly apparent.  
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Rare neurological cases (prosopagnosia, stroke, epilepsy, delusions of 
misidentification) as well as behavioral, neuroimaging and electrophysiological studies 
indicate a dissociation between processing of one’s own face and that of other familiar 
faces. The current dissertation extends this line of work and proposes that there are a 
subset of patients with schizophrenia who show a selective deficit in recognizing images 
of their own faces in the context of relatively intact familiar face recognition, i.e. patients 
with autoprosopagnosia.  These autoprosopagnosia patients were a subgroup of 24% of 
patients with schizophrenia who had some clinical and neuropsychological characteristics 
that distinguished them from other patients with schizophrenia.  
Familiar Face Recognition in Schizophrenia 
In the current study, the main measure of interest was performance on a familiar 
face identity recognition task where participants indicated whether a face that was 
presented on a computer screen was ‘self’, ‘familiar’ or ‘unfamiliar’.  Familiar faces 
consisted of first degree relatives of the patients.  Inclusion of family members provided 
an opportunity to examine potential spectrum pathology as well as acted as an 
appropriate control for a well-learned and emotionally salient familiar face such one’s 
own.  In the overall sample, efficiency on this task was correlated with efficiency in 
abstraction, facial memory, working memory, spatial functioning and emotion 
identification. In controls task efficiency was correlated with efficiency in facial memory 
and spatial memory.  
Findings indicated that irrespective of age, patients with schizophrenia were 
significantly slower than controls or relatives when making decisions about the facial 
identity of images of familiar and unfamiliar people. This is not an unusual finding since 
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patients with schizophrenia show prolonged response latencies which may be the 
behavioral correlates of disordered functional connectivity (inefficiency) observed in 
imaging studies in schizophrenia patients (Callicott et al., 2000; McGuire & Frith, 1996; 
Pantelis et al., 1997).  
There was also a trend for patients to take longer to identify their own faces as 
compared to the face of their family member.  While this trend was underpowered, it 
appeared that patients in this sample had difficulty with rapid identification of their own 
face but were able to make decisions about familiar faces of a parent or sibling relatively 
faster.  In addition to a tendency to take longer to identify their own face as compared to 
that of a family member, patients were also significantly less accurate on the face 
recognition task in comparison to their relatives and the controls.  Controls and relatives 
demonstrated approximately 93-100% accuracy across the three types of faces, rates that 
are comparable to previous rates reported using similar paradigms in healthy individuals 
[80%, (Platek et al., 2006) and 96-98% (Irani et al., 2006)]. However, patients with 
schizophrenia were accurate approximately 83% of the time when viewing images of 
their own face. In contrast, when asked to identify the face of a family member, patients 
were able to make these decisions fairly accurately (97%). Likewise unfamiliar faces 
were also fairly easily identified (93%).  The high accuracy rates for unfamiliar and 
familiar faces argue against a deficit in facial identity recognition in schizophrenia and is 
consistent with prior work  (Archer et al., 1992; Irani et al., 2006).  
While attentional influences on performance in cognitive tasks are important 
considerations in schizophrenia research, in the current study self-face recognition 
comparisons were made relative to familiar and unfamiliar faces. Thus, a possible 
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influence of attention on the patients' performance is likely to have influenced 
recognition of all identities equally. As such, a general attention or face processing deficit 
is unlikely to fully account for the main result since face processing and attention were 
controlled by the within subjects design. 
Furthermore, the overall sample of schizophrenia patients showed mild-moderate 
deficits in multiple cognitive domains including attention, verbal memory, facial 
memory, spatial memory and language. This is consistent with a plethora of findings 
from neuropsychological, electrophysiological, structural, functional imaging and post-
mortem work that have indicated that schizophrenia is characterized by brain dysfunction 
affecting frontotemporal circuitry (R. Gur et al., 2007).  The mild-moderate degree of 
impairment in memory and executive efficiency noted in this sample is also consistent 
with findings from previous studies that have utilized this computerized 
neuropsychological scan with similar sample of patients (Gur et al., 2001; Gur et al., 
2007).  The ease of administration and consistency in findings further highlights the 
feasibility of using a computerized approach for neuropsychological characterizations in 
schizophrenia.   
The inclusion of family members in the current study also permitted the 
examination of potential spectrum pathology for familiar face recognition deficits. 
Family members differed from the control group by virtue of their genetic relatedness to 
patients with schizophrenia. Interestingly, contrary to initial hypotheses we did not find 
significant differences for family members as compared to controls.  This contradicts 
findings from larger multiplex, multi-generational studies that indicate that 
neurocognitive measures are markers of genetic liability for schizophrenia, particularly 
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due to intermediate deficits in attention and memory in unaffected relatives  (Gur et al., 
2007; Gur et al., 2007).  The current sample may have been underpowered to examine the 
effects of genetic loading on cognitive performance. There were only 4 multiplex 
families in the current sample, which could account for the lack of significant effects 
noted.  Future work with larger samples of multiplex and simplex families could further 
examine the endophenotypic status of self-face recognition and its relationship to other 
neuropsychological tasks.   
Autoprosopagnosia 
Closer examination of the accuracy data for patients indicated that the differences 
in accuracy rates were driven by five patients who showed approximately 0% accuracy 
for their own face. While occasional input errors were noted, overall these 
“autoprosopagnosia” patients were characterized by an inability to recognize their own 
faces during the 3.5 minute facial identity recognition task despite above chance accuracy 
for familiar (70%) and unfamiliar (78%) faces. When viewing images of themselves this 
subgroup of patients was most likely to indicate that the face was unfamiliar to them, 
although one patient indicated that the face was familiar. Additionally, there was a trend 
for autoprosopagnosia patients to be slower than other patients with schizophrenia when 
completing the task but this trend did not reach statistical significance.  
When the effect of these autoprosopagnosia patients was removed from the 
analysis, there were no differences in accuracy rates between patients with schizophrenia 
and the comparison groups.  In other words, low accuracy rates on facial recognition 
tasks were driven by this subgroup of autoprosopagnosia patients. In the absence of this 
subgroup of autoprosopagnosia patients, schizophrenia patients perform accurately, albeit 
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slowly when asked to identify facial images of familiar and unfamiliar people. While the 
current study did not examine the effects of presentation in right and left hemifields, 
these results are consistent with recent findings indicating that patients with 
schizophrenia make errors when recognizing images of themselves, particularly when 
presented in the right hemisphere (Kircher et al., 2007).  
Furthermore, this rate of approximately 24% of patients with schizophrenia 
showing a deficit in self-face recognition is consistent with the 20% incidence of this 
effect noted in our prior study using the same task (Irani et al., 2006).  In the current 
study we were able to further characterize unique clinical and neuropsychological 
characteristics of this subgroup.  
The post-study questionnaire administered at the end of the study provided 
additional insights into the nature of the deficit in these autoprosopagnosia patients. 
Overall, the subjective attitude of participants towards the different faces did not show 
differences in ratings. Thus, likeability or other feelings towards the presented faces, 
including one’s own face was controlled for and did not influence the results. 
Furthermore, majority of participants were able to accurately estimate the length of 
acquaintance and frequency of interaction with the individuals whose faces they were 
shown. Patients with autoprosopagnosia however tended to leave these questions blank or 
answer them erroneously (e.g. interacting with self once per year) indicating either a lack 
of understanding of the question or lack of insight into the deficit.   
Furthermore, consistent with other patients, this subgroup was equally likely to 
indicate that they liked and trusted the face identified as their own, despite poor accuracy 
rates during task completion. This argues against the influence of a delusional framework 
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in the lack of recognition of their own face since in schizophrenia patients delusions are 
often associated with malicious intent. In addition, qualitative observations of these 
patients indicated no failures in reality testing during the experiment.  While one non-
autoprosopagnoisic patient was delusional during the task, none of the autoprosopagnosia 
patients maintained a claim that the external representation of him/herself was not of 
him/herself.  Instead, reactions tended to be of surprise, indifference or embarrassment 
when at the completion of the study patients were shown the self face labeled as 
themselves.  However, given 15% rates of delusion of misidentification in schizophrenia 
it is not implausible that delusional processes influenced the lack of self-face recognition 
in this sample.  This could be true for one patient who was indifferent when shown 
images of his face during the post-study component.  However, since majority of the 
autoprosopagnosia patients showed surprise and embarrassment instead of a firm belief 
that the external representation was not of himself/herself, this is less indicative of the 
presence of delusions of misidentification driving this effect.  
The role of mirror and photograph exposure was also examined in the post-study 
questionnaire since this type of perceptual feedback from mirrors, photographs, and 
videotape recordings focuses attention inward on the self.  Mirror and photograph 
exposure rates also did not differ between groups of patients indicating that extent of 
previous exposure to their own face did not contribute to the self-face recognition deficit.  
Clinical Characteristics in Autoprosopagnosia 
Autoprosopagnosia patients were statistically comparable to other patients with 
schizophrenia with respect to severity of illness variables such as duration of illness 
(approximately 4 years), age of onset (approximately 35 years), number of 
  
70
 
 
hospitalizations (approximately 3) and positive, negative and overall psychopathology 
(mild-moderate).  Similar to non-autoprosopagnosia patients this subgroup consisted of 
stable outpatients with mild-moderate levels of paranoid and undifferentiated 
symptomology.  Most demographic characteristics did not distinguish the two groups of 
patients.  Patients were well represented in terms of racial composition with 2 African 
American and 3 Caucasian patients. They were also right-handed, males (2 females) with 
an average of 12 years of education and approximately 16 years of parental education. 
They averaged approximately 33 years of age.  
Autoprosopagnosia patients differed from other patients with schizophrenia in 
terms of their level of function and educational background. Schizophrenia is a disorder 
characterized by profound impairments in social functioning (APA, 2000).  In our 
sample, level of function as determined by the Strauss Carpenter Level of Function 
(LEV) scale reflected lower levels of function for autoprospagnosia patients as compared 
to other patients with schizophrenia.  Closer examination of subscale scores revealed that 
while autoprosopagnosia patients were similar to other schizophrenia patients with regard 
to the number of hospitalizations, frequency of social contacts, quantity and quality of 
work and subjective impression of fullness of life, there were differences in terms of the 
actual quality of social contacts, subjective impression of symptomology and ability to 
meet basic needs. 
While autoprosopagnosia patients made just as many social contacts as other 
schizophrenia patients, the quality of those contacts was significantly lower than that of 
other patients. This might reflect the interplay between social cognition and self-
recognition (Uddin, Iacoboni, Lange, & Keenan, 2007) which may be more severely 
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disrupted in these patients. In addition, while the degree of symptomology was equivalent 
across groups on objective measures of psychiatric symptomology (SANS, SAPS, BPRS) 
autoprosopagnosia patients reported more symptoms on the LEV. This discrepancy could 
indicate that while autoprosopagnosia patients do not have greater psychiatric 
symptomology as compared to other members of their cohort, they have a subjective 
sense of having other types of symptoms.  Non-psychiatric symptoms as reflected in self-
face recognition deficits and its sequale of functional and social consequences might be 
most influential.  Finally, these patients also showed greater deficits in self-care as 
reflected by the LEV item for ability to meet own basic needs (e.g. keeping clean, feeding 
self). This could be a reflection of self-processing deficits that appear to be impacting 
patients’ daily level of function particularly relevant for social situations.  
The link between social cognition and self-processing deficits is not novel. Self-
recognition, a measure of self-processing, has been thought to be a prerequisite for the 
ability to accurately infer others’ mental states (Gallup, 1982; Gallup, Anderson, & 
Platek, 2003).  In schizophrenia patients, we previously linked performance on a theory 
of mind task and accuracy on the self-face recognition task (Irani et al., 2006).  In this 
sample of autoprosopagnosia patients, it appears that severe self-face recognition deficits 
may influence quality of social dysfunction. Future work could more closely examine the 
nature of the social dysfunction in autoprosopagnosia and further characterize the 
relationship between measures of social cognition and self-face recognition. 
Neuropsychological Functioning in Autoprosopagnosia 
On a computerized neuropsychological battery, autoprosopagnosia patients 
showed more severe deficits in efficiency of abstraction and spatial functioning as 
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compared to other schizophrenia patients. The language domain also showed 
differentiation between the two groups of patients. However, due to a severe unbalance in 
representation of individuals who had completed this task, the likelihood of a Type I error 
in this domain is high and interpretation in this domain was deferred.  
Against a background of frontotemporal neuropsychological deficits characteristic 
in all patients with schizophrenia, autoprosopagnosia patients showed greater 
impairments (moderate) in mental flexibility and abstraction than other patients with 
schizophrenia (mild).  The task used to assess abstraction in the current study was the 
Penn Abstract, Inhibition, and Working-Memory Test (AIM). This executive function 
task correlates with the Wisconsin Card Sorting Test and has demonstrated construct 
validity in normative as well as with schizophrenia populations (Glahn et al., 2000).  In 
the current study, performance on this task was negatively correlated with speed on the 
self face recognition task.  In other words, decreased efficiency in executive functioning 
was related to slower reaction times on the self face task.  
Abstraction has been shown to be mediated by the prefrontal cortex,  an area 
which is abnormal in schizophrenia and linked to illness pathology (Weinberger, Berman, 
& Zec, 1986).  While research on identifying the neural substrates of self face recognition 
is still in its infancy and much more work is needed to more clearly delineate networks of 
activation, the superior frontal/prefrontal cortex has been implicated in contrasts of self 
faces over familiar faces in healthy individuals (Kircher et al., 2001; Kircher et al., 2000; 
Morita et al., 2008;  Platek et al., 2004; Platek et al., 2006; Sugiura et al., 2000; Sugiura 
et al., 2005; Uddin et al., 2005). Additionally, this region has also been implicated in self 
awareness and found to not necessarily be engaged during sensory perception (Goldberg 
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et al., 2006). Given a putative role for the prefrontal cortex in self-face processing, it is 
interesting that a patient subgroup characterized by self-face recognition deficits showed 
greater impairment on this task. Future functional and structural neuroimaging studies 
may further examine the hypothesis that there is greater dysfunction in the prefrontal 
cortical network in patients with autoprosopagnosia as compared to other patients with 
schizophrenia.   
A second neuropsychological task that differentiated autoprosopagnosia patients 
from those without autoprosopagnosia was a computerized task of relatively pure spatial 
processing, the Computerized Judgment of Line Orientation task. This is a task that is an 
adaptation of the Benton Line Orientation test and is associated with right hemisphere 
parietal “dorsal stream” structures (Benton & Tranel, 1993; Mesulam, 1981). It has been 
used in functional neuroimaging studies to consistently show right hemisphere activation 
(Gur et al., 2000; Ng et al., 2000).   
In schizophrenia there is variability regarding the extent to which deficits on 
spatial processing are considered to be greater than deficits in other cognitive domains. 
One meta-analysis indicated mild impairment in pure spatial processing, two other meta-
analyses indicated moderate impairments and a third indicated severe impairment in 
spatial processing in schizophrenia (reviewed in (Reichenberg & Harvey, 2007).  The 
computerized version of the task utilized here is included in genetic studies of candidate 
endophenotypes for  schizophrenia but has not yet emerged as an endophenotypic marker 
for schizophrenia  (Gur et al., 2007; Gur et al., 2007; Silver & Goodman). In the current 
study, the overall sample of schizophrenia patients did not show significant deficits on 
the spatial orientation task and had low average range efficiency scores that did not 
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deviate significantly from the healthy controls.  However, autoprosopagnosia patients 
scored lower and in the moderately impaired range.  Greater deficit on this task would 
indicate greater right parietal dysfunction in this subgroup of patients.  
This is interesting given indications of right hemispheric involvement in self-face 
recognition.  Normative behavioral studies using morphed self-face images have 
indicated greater right hemispheric specialization for self-faces based on greater 
likelihood of identifying self-to-famous morphed images as self when responding with 
the left hand (Keenan et al., 2000; Keenan et al., 2000). Lesion studies have also 
indicated that awareness of corporeal, emotional, and social aspects of the self involve 
the right hemisphere.  This hypothesis is based on cases of various degrees of self-
processing deficits in patients with right parietal lesions (neglect, anosognosia), right 
parietotemporal lesions (topographic orientation), right frontotemporal lesions (impulse 
control) and right frontal lesions (social behavior, relation of self to others, social self) 
(Devinsky, 2000).  
Devinsky (2000) argued that lesions of the right hemisphere can cause disorders 
of the corporeal self (e.g., denial or lack of awareness of the left body or left-sided 
deficits) or an impaired relation of the corporeal self to the environment (e.g., 
topographic disorientation, dressing apraxia). In anosognosia, patients have acute right 
frontoparietal lesions which lead them to deny or fail to recognize their own deficit. 
Devinsky further argued that right laterized seizures evoke experiential phenomena, 
including an intense sense of the familiar and unfamiliar, fear, and complex 
multisensorial hallucinations. He indicated that these observations support its role in a 
“primordial sense of self” claiming that in contrast to the linguistic consciousness of the 
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left hemisphere, consciousness of the corporeal and emotional self and aspects of the 
social self may be a right hemisphere-dominant function.  Furthermore, mirror 
misidentification delusions have also been associated with right frontoparietal damage 
(Spangenberg-Postal, 2005).  The Capgras delusion has also been associated with 
significantly decreased blood flow in bilateral parietal regions and slightly decreased 
blood flow in bilateral posterior frontal regions (Eren, Civi, & Yildiz, 2005).  
Some neuroimaging studies have also indicated a particularly important role for 
the right inferior parietal lobe (in addition to the frontal gyrus) during contrasts for self 
face recognition (Platek et al., 2006; Sugiura et al., 2005; Uddin et al., 2005).  Infact, a 
rTMS paradigm recently showed that when a ‘virtual lesion’ is created over the parietal 
component of this network there is selective degradation of self-face recognition 
performance, indicating a causal role for this region in self–other discrimination (Uddin 
et al., 2006).  
 One theoretical model has linked a right frontoparietal network with simulation-
like mechanisms that recruit right hemisphere mirror neuron networks to match face 
stimuli to internal representations of the self  (Uddin et al., 2007).  Mirror neurons are 
composed of two cortical areas in the inferior frontal cortex and the rostral part of the 
inferior parietal lobule and are associated with imitative behaviors and  social cognition 
in humans. According to Uddin and her colleagues, the right frontoparietal mirror-neuron 
areas are involved in representing the physical, embodied self (e.g. self-face, self-voice) 
and cortical midline structures that comprise the default-mode network (medial prefrontal 
cortex, anterior cingulate cortex,  precuneus) are more involved in maintaining a self-
representation in evaluative terms which requires self-referential processing and 
  
76
 
 
understanding of others’ mental states. They indicate that interactions between these two 
systems are likely to be crucial to social functioning and might be compromised in 
conditions such as autism and schizophrenia, where self-awareness and social cognition 
are impaired.   
In schizophrenia, voxel based morphometry studies have showed widespread 
reductions in the prefrontal cortex in first episode patients with schizophrenia at baseline 
with comparatively little progressive grey matter loss in this region (Whitford et al., 
2006).  The parietal lobe, on the other hand, has also been shown to be heavily reduced at 
baseline in first episode patients, but also appears to be the site of accelerated grey matter 
loss in patients relative to the healthy controls and bipolar patients (Farrow, Whitford, 
Williams, Gomes, & Harris, 2005; Whitford et al., 2006).  The role of the parietal cortex 
in the development of psychotic symptoms in schizophrenia has been shown previously, 
particularly for the  development of symptoms of reality distortion, with emphasis on its 
role in the monitoring of internally generated thoughts and actions (Shergill, Brammer, 
Williams, Murray, & McGuire, 2000; Spence et al., 1997). Thus, one hypothesis 
requiring further study is whether there is greater volumetric loss in parietal and 
prefrontal regions for autoprosopagnosia patients relative to other schizophrenia patients.  
The possible involvement of a right frontoparietal network in self-face recognition would 
implicate a dorsal stream network rather than the ventral stream that is typically 
associated with associative prosopagnoisa lesions (bilateral inferior occipital and 
temporal visual cortices and fusiform face area).  In our sample of autoprosopagnosia 
patients, neuropsychological deficits in facial and object memory were not greater than 
that displayed for other schizophrenia patients.  Relatively intact familiar (70%) and 
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unfamiliar (78%) face identity recognition further supports the idea that basic face 
perception was intact in this subgroup.  Taken together, this indicates that ventral stream 
structures may not be disproportionally affected in this subgroup.   
Furthermore, some have suggested that in order to recognize a face as familiar 
and to generate an affective response to that face, ventral temporal lobe structures need to 
match the face to a previously stored representation of the face, after which ventral limbic 
structures (e.g. amygdale) may contribute to the corresponding affective component of 
the familiarity recognition (Breen, Caine, & Coltheart, 2002; Hirstein & Ramachandran, 
1997).  In the current sample of autoprosopagnosia patients, emotion identification 
deficits did not exceed that of other schizophrenia patients.  The amygdale and other 
subcortical structures have been shown to be reliably involved in emotion processing 
(Loughead, Gur, Elliott, & Gur, 2008).  The absence of greater emotional identification 
deficits and intact ability to retrieve an affective response to a family member’s face 
indicates that the processing deficit may lie outside the basic familiar face identification 
network in these patients.  Specifically, the impairment may lie beyond the regions 
identified in Gobbini and Haxby’s  (2007) core and extended systems and may indicate 
the recruitment of more specialized networks for self-recognition.  As suggested 
previously, a frontoparietal mirror-neuron network may be  involved in representing the 
physical self, which may then interact with cortical midline structures of the extended 
default-mode network to maintain a self-representation in evaluative terms (L. Q. Uddin 
et al., 2007).  Interactions between these two systems are likely to be crucial to social 
functioning and at least one of these systems (frontoparietal) may be disproportionally 
impaired in autoprosopagnosia patients. However, much more work is needed to more 
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closely examine these hypotheses regarding possible anatomical double dissociaton 
between self and familiar other face processing.   
Schizotypal Personality Traits 
Inclusion of unaffected first-degree relatives of patients with schizophrenia in the 
current study allowed examination of endophenotypic status of self-face recognition 
performance. Contrary to expectations, relatives did not differ from controls in terms of 
total scores on the SPQ. With regard to performance on the self-face recognition task, 
results indicated that while individuals with low total schizotypal personality traits tended 
to be faster and slightly more accurate than individuals with high scores on the total score 
of the SPQ for all three types of faces, these trends did not reach significance. With the 
exception of age effects, subscale scores did not yield significant effects either.  
These findings contradict previous findings that have found that individuals with 
high schizotypal traits in the community have slower reaction times when responding to 
self-faces as compared to familiar or unfamiliar faces (Platek & Gallup, 2002; Platek,  
Myers, Critton, & Gallup, 2003).  Our previous work with a small sample of family 
members also indicated that while there are no significant differences in reaction time 
and accuracy between high and low SPQ relatives, individuals with low scores on the 
social-interpersonal axis (relatives and controls) were more accurate when making self-
face recognition decisions than high scorers (Irani et al., 2006).  
The lack of significant effects for family members could be due to family 
member’s performance on the validity scales of the modified SPQ.  While all participants 
were willing to disclose personal problems as indicated by MMPI K scale scores, over 
75% of the sample had high L scale scores.  Surprisingly, relatives scored better than 
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comparison subjects on this validity scale.  As noted previously, this might be because 
validity scales on the SPQ may not operate as they do within the context of the MMPI-2 
possibly because SPQ items contain obvious psychopathological content whereas the 
MMPI-2 also contains items that are not face valid (Calkins, Curtis, Grove, & Iacono, 
2004). Yet, the high L scores in this sample reflected an overall tendency to deny minor 
and widespread failings of character.  This may have biased the findings and prevented 
further identification of potential endophenotypes in relatives.   
Additional reasons for lack of significant effects between relatives and controls 
could be that since patients with schizophrenia referred one first-degree relative to 
participate in the study, this could have resulted in a biased group of relatives with fewer 
schizotypal traits.  For instance, relatives with suspiciousness, subtle thought 
disorganization, or interpersonal deficits may have been less likely to be referred or to 
participate if referred.  Furthermore, relatives may have a heightened awareness of 
schizophrenia symptoms and associated sociocultural stigma, and as a result may have 
presented themselves as psychologically healthy, whereas controls may not have felt as 
compelled to do so (Calkins et al., 2004). Lastly, relatively small sample sizes may have 
resulted in insufficient power to detect small but meaningful differences between 
relatives and controls.  
Limitations and Future Directions 
In addition to the aforementioned limitations on the validity scales of the SPQ, the 
study has some additional limitations worthy of discussion and which may aid in further 
formulating future directions for this line of work.  The patient group included stable 
outpatients who were well educated, had family involvement, stable living arrangements, 
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mild-moderate symptomolgy and received psychiatric care through a large urban medical 
research center.  This patient population may not be representative of other community 
schizophrenia patients who may be more severely ill and functionally limited. Future 
research could assess patients from more diverse settings and with more varied 
demographic and clinical characteristics.  
Another sampling issue involves the use of “super” controls with no 
psychiatric/medical history and for whom having a family member with an Axis I 
diagnosis was exclusionary. The purpose of this was to limit the possibility of spectrum 
pathology in the control group. While similar cohorts of controls have been widely used  
[e.g.(Gur et al., 2007; Gur et al., 2001; Gur et al., 2002; Gur et al., 2006; Gur et al., 
2007)] the use of such “super” controls further limits the generalizability of the findings 
and may threaten the external validity of these findings.    
While age was a controlled variable in analyses, since there was no age limitation 
on family members they were unmatched to patients and controls for age.  Since majority 
of family members were parents of the proband this was difficult to avoid. The lack of an 
upper age limit on family members influenced the inclusion of one elderly family 
member who showed a prosopagnosia deficit. While there is no history of Axis I 
diagnoses reported in the database for this family member, the possibility that this person 
may have had medical or neurological complications following initial intake into the 
research center cannot be ruled out.  
While no gender-related differences between groups were apparent, the possibility 
that differences in gender composition of the groups may have confounded the effects 
cannot be excluded since there were fewer women in the patient group. In addition, while 
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groups did not differ based on multiplex or simplex status, the current study was 
underpowered to examine these effects.  
In addition, in order to increase feasibility of the study participants were recruited 
from those already participating in a variety of research studies at the SRC. Since 
participants were chosen from a number of ongoing studies not all clinical 
scales/neuropsychological subtests were completed by all subjects enrolled in the current 
study. This resulted in unequal sample sizes and some missing data.  While every effort 
was taken to make statistical adjustments for unequal variances, some cells remained 
underpowered and an increase in sample size may have picked up additional effects if 
they existed.  Additionally, while most information available in the database is updated 
regularly, some dates of ascertainment for clinical, medication or neuropsychological 
information preceded dates of data collection for the self face recognition task.   
As noted previously, there were some violations to assumption of homogeneity of 
variance and normality but since ANOVA is relatively robust for departures from these 
violations, a cautionary note is added for interpretation of the results. However every 
attempt was taken to adjust for these violations when possible, including transforming 
data when appropriate. 
In the current study, while the identified autoprosopagnosia patients were unable 
to identify their own image over a 3.5 minute task duration and post-study component, it 
is unclear whether more learning trials/opportunities for exposure would have influenced 
results.  Schizophrenia is a heterogeneous disorder and the possibility of fluctuations in 
performance cannot be completely excluded. Thus, the stability of the effect over time 
needs to be examined further. Likewise, the associations found cannot be assumed to be 
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causal, and the possibility that some unknown factors influenced results cannot be 
excluded.  
Furthermore, while unlikely based on qualitative observations, the possibility of 
delusions of misidentification in these patients cannot be completely ruled out due to the 
lack of an extensive post-study psychiatric interview. Further diagnostic follow up may 
clarify pending questions.  
The greater abstraction deficits and lower levels of education in this subgroup also 
raises the possibility of a lack of complete understanding of task instructions. For 
instance, while indications to press the “self” key remained on the screen throughout the 
task, it is possible that this subgroup may not understood task demands. However, post-
study reactions when viewing their own face were less suggestive of this possibility.  
In addition, people are usually more familiar with the mirror-reversed view of 
their own face than a photographed view. This could have increased task difficulty.  Also, 
individuals can experience negative emotions (e.g., embarrassment) during self-
evaluations immediately after recognizing their own facial image, especially if it deviates 
strongly from their mental representation of ideals or standards (Morita et al., 2008). The 
role of such negative emotions in persistent post-study self-face recognition deficits 
cannot be fully ruled out.  
These limitations notwithstanding, this study aided in understanding the 
complexity of brain behavior relationships in schizophrenia. Despite these limitations, the 
present data have value in expanding this area of investigation and offers preliminary 
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characterization of a subgroup of patients for whom further study would be valuable for  
delineating normal and clinical processes.   
Conclusions 
The current study indicated that while most patients with schizophrenia do not 
show impairments in recognizing facial identities of themselves and other family 
members, a subset in the range of 20-24% show a self-face recognition deficit with 
relatively intact familiar face recognition.  Together with prosopagnosia cases, the 
presence of this subgroup of patients indicates the possibility of a double dissociation 
between self and familiar face processing where the two abilities appear to be 
functionally distinct and either one can proceed without the other. While much more 
work is required to further assess this claim, the current results provide preliminary 
support for extending current models of familiar face recognition to include more distinct 
networks for self faces.  
In our sample, autoprosopagnosia patients showed greater impairment in 
neuropsychological domains of abstraction and spatial functioning. This implicates a 
frontoparietal network which has previously been linked to self-face recognition (Decety 
& Sommerville, 2003; L.  Uddin et al., 2006).  In contrast to a ventral processing route, 
the current findings indicate that a dorsal network that is more specialized for self-
processing may be involved. Further structural and functional neuroimaging work is 
needed to more closely examine hypotheses regarding greater dysfunction in right 
prefrontal and parietal regions in this subset of patients with schizophrenia.  
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While the current study did not exclude the possibility that these deficits could be 
explained by delusions of misidentification, qualitative observations and patient 
responses on a post-study questionnaire were not indicative of a failure in reality testing.  
However, if delusions of misidentification are identified in this subgroup during future 
follow ups, it would be interesting to investigate the nature of these delusions and 
possible circuitry that might evoke anomalous responses to one’s own face.  
In addition, it appeared that despite equivalent levels of psychiatric symptoms and 
severity of illnesses, autoprosopagnosia patients had lower levels of functioning than 
other patients with schizophrenia. This was reflected mainly in lower quality of social 
contacts as compared to other schizophrenia patients, despite comparable quantity of 
social contacts.  Additionally, these patients perceived themselves as having more 
symptoms despite scores on objective clinical ratings scales indicating that they were 
comparable to other schizophrenia patients. Self-care and quality of social relationships 
was also rated lower in this subset of patients.  Given the importance of faces in social 
interactions, this finding points to hypotheses linking self-processing deficits to social 
cognition deficits influencing inefficiency in social interactions (Gallup, 1982; Gallup et 
al., 2003).   
Contrary to prior work the current study did not support hypotheses regarding 
putative endophenotypic status for performance on this task. However, the findings were 
limited by validity of the schizotypal scores that were obtained from relatives and 
controls. Given previous support for self-face recognition deficits in the schizophrenia 
spectrum (Irani et al., 2006; Platek et al., 2003) as well as findings of transient self-
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recognition errors in normative populations (Bredart & Young, 2004), further studies are 
required to more closely examine the impact of schizotypal traits on self-face processing.   
Overall, findings support prior work indicating the presence of self-face 
recognition deficits in some schizophrenia patients (Irani et al., 2006; Kircher et al., 
2007). While it appears that most patients with schizophrenia are able to adequately 
identify the identity of faces that they are shown, some patients appear to lie on more 
severe ends of the spectrum of self-recognition pathology.  This self-face spectrum may 
span from more transitory phenomena in neurologically normal people to 
neurological/psychiatric conditions complicated by self-face recognition deficits (e.g. 
mirror misidentification, prosopagnosia, Capgras delusion) to the more selective form of 
autoprosopagnosia observed in the current study. The presence of prosopagnosia and 
autoprosopagnosia argue that there may be a double dissociation between self and 
familiar face recognition.  Future identification of the neuroanatomical and functional 
substrates of autoprosopagnosia could further inform cognitive and neural models of 
familiar face recognition. 
 However, much more work is required to more closely examine several questions 
that remain unanswered. For instance it is still unclear whether these deficits are limited 
to self-faces or reflect more generalized self-processing deficits.  As noted previously 
schizophrenia patients show impairments in self-voice recognition (Allen et al., 2004; C. 
D. Frith, 1987), mirror self-recognition (Orbach et al., 1966; Traub & Orbach, 1964), 
body part recognition (Daprati et al., 1997) and self-initiated speech (Daprati et al., 1997; 
Ford & Mathalon, 2005; Frith, 1992; Harrington, Oepen, & Spitzer, 1989).  
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Neuropsychological findings also did not indicate disproportional amounts of face 
perception or emotional processing deficits. Thus, the observed self-face recognition 
deficits may reflect a more pervasive self-processing disorder rather than a face 
recognition disorder. Future studies could further examine whether autoprosopagnosia 
patients have additional deficits in self-voice and body part recognition.   
Furthermore, given the heterogeneity of schizophrenia and its symptom profile, 
the stability of the observed effects requires further examination.  While patients were 
unable to recognize their own images during the 3.5 minute task duration and subsequent 
post-study questionnaire, it is unclear whether these represent stable deficits. A 
longitudinal follow up study would be informative.  Given deficits in abstraction and 
lower education levels, the role of cognitive limitations on task completion cannot be 
ruled out in this subset either.  
Moreover, while schizophrenia patients provided an optimal opportunity to 
examine self face recognition errors due to observed deficits in self-processing, it would 
be worthwhile to further examine the extent of self-face recognition deficits in other 
populations with face recognition impairments (e.g. stroke, dementia, traumatic brain 
injury etc) particularly as related to frontoparietal lesions.  As noted previously, there are 
rare case studies of patients with stroke and seizures who showed self-face recognition 
deficits. More work identifying rates of self-face recognition deficits in various clinical 
populations also appears warranted since these deficits may under-reported due to the 
subjective nature of the impairment.  
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Nevertheless, the current study presented a preliminary characterization of a 
subgroup of patients who showed self-face recognition deficits and opens up several lines 
of investigation. Much more work is required to further characterize the nature of 
autoprosopagnosia and its clinical, neuropsychological, structural and functional 
manifestations. Additionally these results highlight the need for further work that 
considers updating current conceptualizations of models for familiar face recognition to 
make distinctions between self and familiar other circuitry more explicit.   
  
88
 
 
 
References 
 
Addington, J., & Addington, D. (1998). Facial affect recognition and information 
processing in schizophrenia and bipolar disorder. Schizophrenia Research, 32(3), 
171-181. 
Aliyu, M. H., Calkins, M. E., Swanson, C. L., Jr., Lyons, P. D., Savage, R. M., May, R., 
et al. (2006). Project among African-Americans to explore risks for schizophrenia 
(PAARTNERS): recruitment and assessment methods. Schizophr Res, 87(1-3), 
32-44. 
Allen, P. P., Johns, L. C., Fu, C. H., Broome, M. R., Vythelingum, G. N., & McGuire, P. 
K. (2004). Misattribution of external speech in patients with hallucinations and 
delusions. Schizophrenia Research, 69(2-3), 277-287. 
Andreasen, N. (1984). The Scale for the Assessment of Positive Symptoms (SAPS). Iowa 
City: The University of Iowa. 
Andreasen, N. (1984 b). The Scale for the Assessment of Negative Symptoms (SANS). 
Iowa City. 
APA. (2000). Diagnostic and Statistical Manual of Mental Disorders - IV- TR. 
Washington, DC: American Psychiatric Association. 
Archer, J., Hay, D. C., & Young, A. W. (1992). Face processing in psychiatric 
conditions. The British Journal Of Clinical Psychology, 31(1), 45-61. 
Bauer, R. M. (1984). Autonomic recognition of names and faces in prosopagnosia: a 
neuropsychological application of the Guilty Knowledge Test. Neuropsychologia, 
22(4), 457-469. 
Bentall, R. P., Baker, G. A., & Havers, S. (1991). Reality monitoring and psychotic 
hallucinations. Br J Clin Psychol, 30 ( Pt 3), 213-222. 
Benton, A. (1980). The neuropsychology of facial recognition. The American 
Psychologist, 35(2), 176-186. 
Benton, A., & Tranel, D. (1993). Visuoperceptual, visuospatial, and visuoconstructive 
disorders. . In K. M. Heilman & E. Valenstein (Eds.), Clinical Neuropsychology 
(3rd Ed.) (pp. 165–214.). New York: Oxford UniversityPress. 
Blakemore, S. J., Oakley, D. A., & Frith, C. D. (2003). Delusions of alien control in the 
normal brain. Neuropsychologia, 41(8), 1058-1067. 
Blakemore, S. J., Smith, J., Steel, R., Johnstone, C. E., & Frith, C. D. (2000). The 
perception of self-produced sensory stimuli in patients with auditory 
hallucinations and passivity experiences: evidence for a breakdown in self-
monitoring. Psychological Medicine, 30(5), 1131-1139. 
Box, G. E. P. (1954). Some theorems on quadratic forms applied in the study of analysis 
of variance problems. Annals of Statistics, 25, 290-302. 
Brady, N., Campbell, M., & Flaherty, M. (2004). My left brain and me: a dissociation in 
the perception of self and others. Neuropsychologia, 42(9), 1156-1161. 
Brebion, G., Amador, X., David, A., Malaspina, D., Sharif, Z., & Gorman, J. M. (2000). 
Positive symptomatology and source-monitoring failure in schizophrenia -- an 
analysis of symptom-specific effects. Psychiatry Research, 95(2), 119-131. 
Bredart, S., Delchambre, M., & Laureys, S. (2006). One's own face is hard to ignore. 
Quarterly Journal of Experimental Psychology (Colchester), 59(1), 46-52. 
  
89
 
 
Bredart, S., & Devue, C. (2006). The accuracy of memory for faces of personally known 
individuals. Perception, 35(1), 101-106. 
Bredart, S., & Young, A. W. (2004). Self-recognition in everyday life (Vol. 9, pp. 183 - 
197): Psychology Press. 
Breen, N., Caine, D., & Coltheart, M. (2001). Mirrored-self misidentification: Two cases 
of focal onset dementia. Neurocase, 7(3), 239-254. 
Breen, N., Caine, D., & Coltheart, M. (2002). The role of affect and reasoning in a patient 
with a delusion of misidentification (Vol. 7, pp. 113 - 137): Psychology Press. 
Burns, A., Jacoby, R., & Levy, R. (1990). Psychiatric phenomena in Alzheimer's disease. 
II: Disorders of perception (Vol. 157, pp. 76-81). 
Calkins, M., Curtis, C. E., Grove, W. M., & Iacono, W. G. (2004). Multiple dimensions 
of schizotypy in first degree biological relatives of schizophrenia patients. 
Schizophr Bull, 30(2), 317-325. 
Calkins, M., Dobie, D. J., Cadenhead, K. S., Olincy, A., Freedman, R., Green, M. F., et 
al. (2007). The Consortium on the Genetics of Endophenotypes in Schizophrenia: 
model recruitment, assessment, and endophenotyping methods for a multisite 
collaboration. Schizophr Bull, 33(1), 33-48. 
Calkins, M., Gur, R. C., Ragland, J. D., & Gur, R. E. (2005). Face Recognition Memory 
Deficits and Visual Object Memory Performance in Patients With Schizophrenia 
and Their Relatives. American Journal of Psychiatry, 162(10), 1963-1966. 
Calkins, M. E., Curtis, C. E., Grove, W. M., & Iacono, W. G. (2004). Multiple 
dimensions of schizotypy in first degree biological relatives of schizophrenia 
patients. Schizophrenia Bulletin, 30(2), 317-325. 
Callicott, J. H., Bertolino, A., Mattay, V. S., Langheim, F. J., Duyn, J., Coppola, R., et al. 
(2000). Physiological dysfunction of the dorsolateral prefrontal cortex in 
schizophrenia revisited. Cereb Cortex, 10(11), 1078-1092. 
Corrigan, P. W. (1997). The social perceptual deficits of schizophrenia. Psychiatry, 
60(4), 309-326. 
Damasio, A., Damasio, H., & Van Hoesen, G. (1982). Prosopagnosia: anatomic basis and 
behavioral mechanisms. Neurology, 32(4), 331-341. 
Damasio, A., Tranel, D., & Damasio, H. (1990). Face Agnosia and the Neural Substrates 
of Memory (Vol. 13, pp. 89-109). 
Danion, J.-M., Rizzo, L., & Bruant, A. (1999). Functional Mechanisms Underlying 
Impaired Recognition Memory and Conscious Awareness in Patients With 
Schizophrenia (Vol. 56, pp. 639-644). 
Daprati, E., Franck, N., Georgieff, N., Proust, J., Pacherie, E., Dalery, J., et al. (1997). 
Looking for the agent: an investigation into consciousness of action and self-
consciousness in schizophrenic patients. Cognition, 65(1), 71-86. 
Darwin, C. (1872). The expression of emotions in man and animals. Chicago: University 
of Chicago Press. 
Decety, J., & Sommerville, J. A. (2003). Shared representations between self and other: a 
social cognitive neuroscience view. Trends Cogn Sci, 7(12), 527-533. 
Desimone, R., Albright, T. D., Gross, C. G., & Bruce, C. (1984). Stimulus-selective 
properties of inferior temporal neurons in the macaque. Journal of Neuroscience, 
4(8), 2051-2062. 
  
90
 
 
Devinsky, O. (2000). Right Cerebral Hemisphere Dominance for a Sense of Corporeal 
and Emotional Self. Epilepsy & Behavior, 1(1), 60-73. 
Dohn, H. H., & Crews, E. L. (1986). Capgras syndrome: a literature review and case 
series. Hillside J Clin Psychiatry, 8(1), 56-74. 
Duchaine, B. C., Yovel, G., Butterworth, E. J., & Nakayama, K. (2006). Prosopagnosia 
as an impairment to face-specific mechanisms: Elimination of the alternative 
hypotheses in a developmental case. Cognitive Neuropsychology, 23(5), 714 - 
747. 
Ellis, H., & Young, A. W. (1990). Accounting for delusional misidentifications. Br J 
Psychiatry, 157, 239-248. 
Ellis, H. D., & Lewis, M. B. (2001). Capgras delusion: a window on face recognition. 
Trends in Cognitive Sciences, 5(4), 149-156. 
Eren, I., Civi, I., & Yildiz, M. (2005). [Frontoparietal hypoperfusion in Capgras 
syndrome: a case report and review]. Turk Psikiyatri Derg, 16(4), 284-290. 
Farah, M. (1996). Is face recognition `special'? Evidence from neuropsychology. 
Behavioural Brain Research, 76(1-2), 181-189. 
Farah, M. (2002). Prosopagnosia. In M. J. Farah & T. E. Feinberg (Eds.), Patient-based 
approaches to cognitive neuroscience (Vol. vii, pp. 494). Cambridge: The MIT 
Press. 
Farah, M., & Aguirre, G. (1999). Imaging visual recognition: PET and fMRI studies of 
the functional anatomy of human visual recognition. Trends in Cognitive 
Sciences, 3(5), 179-186. 
Farrow, T. F. D., Whitford, T. J., Williams, L. M., Gomes, L., & Harris, A. W. F. (2005). 
Diagnosis-Related Regional Gray Matter Loss Over Two Years in First Episode 
Schizophrenia and Bipolar Disorder. Biological Psychiatry, 58(9), 713-723. 
Feinberg, T., & Keenan, J. (2005). Where in the brain is the self? Consciousness and 
Cognition, 14(4), 661-678. 
Feinberg, T., Rifkin, A., Schaffer, C., & Walker, E. (1986). Facial discrimination and 
emotional recognition in schizophrenia and affective disorders. Archives Of 
General Psychiatry, 43(3), 276-279. 
Ford, J. M., & Mathalon, D. H. (2005). Corollary discharge dysfunction in schizophrenia: 
Can it explain auditory hallucinations? International Journal of 
Psychophysiology, 58(2-3), 179-189. 
Frith, C. D. (1987). The positive and negative symptoms of schizophrenia reflect 
impairments in the perception and initiation of action. Psychological Medicine, 
17(3), 631-648. 
Frith, C. D. (1992). The Cognitive Neuropsychology of Schizophrenia. The Cognitive 
Neuropsychology of Schizophrenia. 
Frith, C. D., & Done, D. J. (1989). Experiences of alien control in schizophrenia reflect a 
disorder in the central monitoring of action. Psychological Medicine, 19(2), 359-
363. 
Gallois, P., Ovelacq, E., Hautecoeur, P., & Dereux, J.-F. (1988). Disconnection and 
recognition of faces. One case with left visual cortex and splenium lesions. REV. 
NEUROL. (PARIS), 144(2), 113-119. 
Gallup, G. G. (1982). Self-awareness and the emergence of mind in primates. American 
Journal of Primatology, 2, 237-248. 
  
91
 
 
Gallup, G. G., Anderson, J. R., & Platek, S. M. (Eds.). (2003). Self-awareness, Social 
Intelligence, and Schizophrenia.: Cambridge University Press. 
Garson, D. (2008). Statnotes: Topics in Multivariate Analysis.   Retrieved March 20, 
2008, from http://www2.chass.ncsu.edu/garson/pa765/statnote.htm 
Gauthier, I., & Tarr, M. J. (1997). Becoming a "Greeble" Expert: Exploring Mechanisms 
for Face Recognition. Vision Research, 37(12), 1673-1682. 
Gessler, S., Cutting, J., Frith, C. D., & Weinman, J. (1989). Schizoprenic inability to 
judge facial emotion: A controlled study. British Journal of Clinical Psychology, 
28(1), 19-29. 
Glahn, D. C., Cannon, T. D., Gur, R. E., Ragland, J. D., & Gur, R. C. (2000). Working 
memory constrains abstraction in schizophrenia. Biol Psychiatry, 47(1), 34-42. 
Glahn, D. C., Gur, R. C., Ragland, J. D., Censits, D. M., & Gur, R. E. (1997). Reliability, 
performance characteristics, construct validity, and an initial clinical application 
of a visual object learning test (VOLT). Neuropsychology, 11(4), 602-612. 
Gobbini, M. I., Leibenluft, E., Santiago, N., & Haxby, J. V. (2004). Social and emotional 
attachment in the neural representation of faces. NeuroImage, 22(4), 1628-1635. 
Goldberg, II, Harel, M., & Malach, R. (2006). When the brain loses its self: prefrontal 
inactivation during sensorimotor processing. Neuron, 50(2), 329-339. 
Gordon, E., Coyle, S., Anderson, J., Healey, P., Cordaro, J., Latimer, C., et al. (1992). 
Eye movement response to a facial stimulus in schizophrenia. Biological 
Psychiatry, 31(6), 626-629. 
Green, M. F. (1996). What are the functional consequences of neurocognitive deficits in 
schizophrenia? American Journal of Psychiatry, 153(3), 321-330. 
Gruzelier, J. H., Wilson, L., Liddiard, D., Peters, E., & Pusavat, L. (1999). Cognitive 
asymmetry patterns in schizophrenia: active and withdrawn syndromes and sex 
differences as moderators. Schizophrenia Bulletin, 25(2), 349-362. 
Gur, R., Calkins, M. E., Gur, R. C., Horan, W. P., Nuechterlein, K. H., Seidman, L. J., et 
al. (2007). The Consortium on the Genetics of Schizophrenia: Neurocognitive 
Endophenotypes (Vol. 33, pp. 49-68). 
Gur, R., Ragland, J. D., Moberg, P. J., Bilker, W. B., Kohler, C., Siegel, S. J., et al. 
(2001). Computerized neurocognitive scanning: II. The profile of schizophrenia. 
Neuropsychopharmacology, 25(5), 777-788. 
Gur, R. C., Alsop, D., Glahn, D., Petty, R., Swanson, C. L., Maldjian, J. A., et al. (2000). 
An fMRI Study of Sex Differences in Regional Activation to a Verbal and a 
Spatial Task. Brain and Language, 74(2), 157-170. 
Gur, R. C., Ragland, J. D., Moberg, P. J., Turner, T. H., Bilker, W. B., Kohler, C., et al. 
(2001). Computerized neurocognitive scanning: I. Methodology and validation in 
healthy people. Neuropsychopharmacology, 25(5), 766-776. 
Gur, R. C., Sara, R., Hagendoorn, M., Marom, O., Hughett, P., Macy, L., et al. (2002). A 
method for obtaining 3-dimensional facial expressions and its standardization for 
use in neurocognitive studies. Journal of Neuroscience Methods, 115(2), 137-143. 
Gur, R. E., Kohler, C. G., Ragland, J. D., Siegel, S. J., Lesko, K., Bilker, W. B., et al. 
(2006). Flat affect in schizophrenia: relation to emotion processing and 
neurocognitive measures. Schizophr Bull, 32(2), 279-287. 
  
92
 
 
Gur, R. E., Mozley, P. D., Resnick, S. M., Levick, S., Erwin, R., Saykin, A. J., et al. 
(1991). Relations among clinical scales in schizophrenia. The American Journal 
Of Psychiatry, 148(4), 472-478. 
Gur, R. E., Nimgaonkar, V. L., Almasy, L., Calkins, M. E., Ragland, J. D., Pogue-Geile, 
M. F., et al. (2007). Neurocognitive endophenotypes in a multiplex 
multigenerational family study of schizophrenia. Am J Psychiatry, 164(5), 813-
819. 
Harrington, A., Oepen, G., & Spitzer, M. (1989). Disordered recognition and perception 
of human faces in acute schizophrenia and experimental psychosis. Compr 
Psychiatry, 30(5), 376-384. 
Haxby, J. V., Hoffman, E. A., & Gobbini, M. I. (2000). The distributed human neural 
system for face perception. Trends in Cognitive Sciences, 4(6), 223-233. 
Hecaen, H., & Angelergues, R. (1962). Agnosia for faces (prosopagnosia). Archives of 
Neurology, 7, 92-100. 
Hellewell, J. S., Connell, J., & Deakin, J. F. (1994). Affect judgement and facial 
recognition memory in schizophrenia. Psychopathology, 27(3-5), 255-261. 
Hillary, F. G., & Biswal, B. (2007). The influence of neuropathology on the FMRI signal: 
a measurement of brain or vein? Clin Neuropsychol, 21(1), 58-72. 
Hirstein, W., & Ramachandran, V. S. (1997). Capgras syndrome: a novel probe for 
understanding the neural representation of the identity and familiarity of persons. 
Proc Biol Sci, 264(1380), 437-444. 
Ihnen, G. H., Penn, D. L., Corrigan, P. W., & Martin, J. (1998). Social perception and 
social skill in schizophrenia. Psychiatry Research, 80(3), 275-286. 
Irani, F., Platek, S. M., Panyavin, I. S., Calkins, M. E., Kohler, C., Siegel, S. J., et al. 
(2006). Self-face recognition and theory of mind in patients with schizophrenia 
and first-degree relatives. Schizophrenia Research, 88(1-3), 151-160. 
Kaplan, J. T., & Zaidel, E. (2001). Error monitoring in the hemispheres: the effect of 
lateralized feedback on lexical decision. Cognition, 82(2), 157-178. 
Keenan, J. P., Freund, S., Hamilton, R. H., Ganis, G., & Pascual-Leone, A. (2000). Hand 
response differences in a self-face identification task. Neuropsychologia, 38(7), 
1047-1053. 
Keenan, J. P., Nelson, A., O'Connor, M., & Pascual-Leone, A. (2001). NeurologySelf-
recognition and the right hemisphere. 409(6818), 305. 
Keenan, J. P., Wheeler, M., Platek, S. M., Lardi, G., & Lassonde, M. (2003). Self-face 
processing in a callosotomy patient. Eur J Neurosci, 18(8), 2391-2395. 
Keenan, J. P., Wheeler, M. A., Gallup, G. G., & Pascual-Leone, A. (2000). Self-
recognition and the right prefrontal cortex. Trends in Cognitive Sciences, 4(9), 
338-344. 
Kendler, K. S., Lieberman, J. A., & Walsh, D. (1989a). The Structured Interview for 
Schizotypy (SIS): a preliminary report. Schizophrenia Bulletin, 15(4), 559-571. 
Kendler, K. S., Lieberman, J. A., & Walsh, D. (1989b). The Structured Interview for 
Schizotypy (SIS): a preliminary report. Schizophr Bull, 15(4), 559-571. 
Kircher, T., Brammer, M., Bullmore, E., Simmons, A., Bartels, M., & David, A. S. 
(2002). The neural correlates of intentional and incidental self processing. 
Neuropsychologia, 40(6), 683-692. 
  
93
 
 
Kircher, T., & David, A. S. (2003). The self in neuroscience and psychiatry Cambridge, 
UK Cambridge University Press  
Kircher, T., Seiferth, N. Y., Plewnia, C., Baar, S., & Schwabe, R. (2007). Self-face 
recognition in schizophrenia. Schizophr Res, 94(1-3), 264-272. 
Kircher, T. T., Senior, C., Phillips, M. L., Rabe-Hesketh, S., Benson, P. J., Bullmore, E. 
T., et al. (2001). Recognizing one's own face. Cognition, 78(1), B1-B15. 
Kircher, T. T. J., Senior, C., Phillips, M. L., Benson, P. J., Bullmore, E. T., Brammer, M., 
et al. (2000). Towards a functional neuroanatomy of self processing: effects of 
faces and words. Cognitive Brain Research, 10(1-2), 133-144. 
Kohler, C. G., & Martin, E. A. (2006). Emotional processing in schizophrenia. Cognitive 
Neuropsychiatry, 11(3), 250-271. 
Kosslyn, S. M., Hamilton, S. E., & Bernstein, J. H. (1995). The Perception of Curvature 
Can Be Selectively Disrupted in Prosopagnosia. Brain and Cognition, 27(1), 36-
58. 
Kurtz, M. M., Ragland, J. D., Bilker, W., Gur, R. C., & Gur, R. E. (2001). Comparison of 
the continuous performance test with and without working memory demands in 
healthy controls and patients with schizophrenia. Schizophr Res, 48(2-3), 307-
316. 
Kurtz, M. M., Ragland, J. D., Moberg, P. J., & Gur, R. C. (2004). The Penn Conditional 
Exclusion Test: a new measure of executive-function with alternate forms for 
repeat administration. Archives of Clinical Neuropsychology, 19(2), 191-201. 
Laeng, B., & Caviness, V. S. (2001). Prosopagnosia as a Deficit in Encoding Curved 
Surface (Vol. 13, pp. 556-576). 
Laws, K. R., McKenna, P. J., & Kondel, T. K. (1998). On the distinction between access 
and store disorders in schizophrenia: a question of deficit severity? 
Neuropsychologia, 36(4), 313-321. 
Levine, D. N., & Calvanio, R. (1989). Prosopagnosia: A defect in visual configural 
processing. Brain and Cognition, 10(2), 149-170. 
Liberman, R. P., Mueser, K. T., Wallace, C. J., Jacobs, H. E., Eckman, T., & Massel, H. 
K. (1986). Training skills in the psychiatrically disabled: learning coping and 
competence. Schizophrenia Bulletin, 12(4), 631-647. 
Loughead, J., Gur, R. C., Elliott, M., & Gur, R. E. (2008). Neural circuitry for accurate 
identification of facial emotions. Brain Res, 1194, 37-44. 
Mandal, M. K., Pandey, R., & Prasad, A. B. (1998). Facial expressions of emotions and 
schizophrenia: a review. Schizophrenia Bulletin, 24(3), 399-412. 
Markova, I. S., & Berrios, G. E. (1994). Delusional misidentifications: facts and fancies. 
Psychopathology, 27(3-5), 136-143. 
Maxwell, M. (1992). Family Interview for Genetic Studies (FIGS): A Manual for FIGS. 
Bethesda, MD.: National Institutes of Health. 
McGuire, P. K., & Frith, C. D. (1996). Disordered functional connectivity in 
schizophrenia. Psychol Med, 26(4), 663-667. 
McNeil, J. E., & Warrington, E. K. (1993). Prosopagnosia: a face-specific disorder. The 
Quarterly Journal Of Experimental Psychology. A, Human Experimental 
Psychology, 46(1), 1-10. 
Mesulam, M.-M. (1981). A cortical network for directed attention and unilateral neglect 
(Vol. 10, pp. 309-325). 
  
94
 
 
Morita, T., Itakura, S., Saito, D. N., Nakashita, S., Harada, T., Kochiyama, T., et al. 
(2008). The Role of the Right Prefrontal Cortex in Self-evaluation of the Face: A 
Functional Magnetic Resonance Imaging Study (Vol. 20, pp. 342-355). 
Morrison, R. L., & Bellack, A. S. (1981). The role of social perception in social skill. 
Behavior Therapy, 12(1), 69-79. 
Moscovitch, M., Winocur, G., & Behrmann, M. (1997). What Is Special about Face 
Recognition?: Nineteen Experiments on a Person with Visual Object Agnosia and 
Dyslexia but Normal Face Recognition. Journal of Cognitive Neuroscience, 9(5), 
555-604. 
Nagahama, Y., Okina, T., Suzuki, N., Matsuda, M., Fukao, K., & Murai, T. (2007). 
Classification of Psychotic Symptoms in Dementia With Lewy Bodies. American 
Journal of Geriatric Psychiatry, 15(11), 961-967. 
Ng, V., Eslinger, P. J., Williams, S. C. R., Brammer, M. J., Bullmore, E. T., Andrew, C. 
M., et al. (2000). Hemispheric preference in visuospatial processing: A 
complementary approach with fMRI and lesion studies (Vol. 10, pp. 80-86). 
Ninomiya, H., Onitsuka, T., Chen, C. H., Sato, E., & Tashiro, N. (1998). P300 in 
response to the subject's own face. Psychiatry Clinical Neuroscience, 52(5), 519-
522. 
Novic, J., Luchins, D. J., & Perline, R. (1984). Facial affect recognition in schizophrenia. 
Is there a differential deficit? The British Journal Of Psychiatry: The Journal Of 
Mental Science, 144, 533-537. 
Nurnberger, J. I., Jr., Blehar, M. C., Kaufmann, C. A., York-Cooler, C., Simpson, S. G., 
Harkavy-Friedman, J., et al. (1994a). Diagnostic interview for genetic studies. 
Rationale, unique features, and training. NIMH Genetics Initiative. Archives of 
General Psychiatry, 51(11), 849-859; discussion 863-844. 
Nurnberger, J. I., Jr., Blehar, M. C., Kaufmann, C. A., York-Cooler, C., Simpson, S. G., 
Harkavy-Friedman, J., et al. (1994b). Diagnostic interview for genetic studies. 
Rationale, unique features, and training. NIMH Genetics Initiative. Arch Gen 
Psychiatry, 51(11), 849-859; discussion 863-844. 
Onitsuka, T., Niznikiewicz, M. A., Spencer, K. M., Frumin, M., Kuroki, N., Lucia, L. C., 
et al. (2006). Functional and Structural Deficits in Brain Regions Subserving Face 
Perception in Schizophrenia. American Journal of Psychiatry, 163(3), 455-462. 
Orbach, J., Traub, A. C., & Olson, R. (1966). Psychological studies of body-image II: 
Normative data on the adjustable body-distorting mirror. Archives of General 
Psychiatry, 14, 41-47. 
Pantelis, C., Barnes, T. R., Nelson, H. E., Tanner, S., Weatherley, L., Owen, A. M., et al. 
(1997). Frontal-striatal cognitive deficits in patients with chronic schizophrenia. 
Brain, 120 ( Pt 10), 1823-1843. 
Penn, D. L., Corrigan, P. W., Bentall, R. P., Racenstein, J. M., & Newman, L. (1997). 
Social cognition in schizophrenia. Psychological Bulletin, 121(1), 114-132. 
Perrett, D., Smith, P. A., Potter, D. D., Mistlin, A. J., Head, A. S., Milner, A. D., et al. 
(1985). Visual cells in the temporal cortex sensitive to face view and gaze 
direction. Proceedings Of The Royal Society Of London. Series B, Containing 
Papers Of a Biological Character. Royal Society (Great Britain), 223(1232), 293-
317. 
  
95
 
 
Perrett, D., Smith, P. A. J., & Potter, D. D. (1984). Neurones responsive to faces in the 
temporal cortex: Studies of functional organization, sensitivity to identity and 
relation to perception. Human Neurobiology, 3(4), 197-208. 
Platek, S., & Gallup, G. (2002). Self-face recognition is affected by schizotypal 
personality traits. Schizophr Res, 57(1), 81-85. 
Platek, S., Myers, T. E., Critton, S. R., & Gallup, G. G. (2003). A left-hand advantage for 
self-description: the impact of schizotypal personality traits. Schizophrenia 
Research, 65(2-3), 147-151. 
Platek, S. M., & Gallup, G. G., Jr. (2002). Self-face recognition is affected by schizotypal 
personality traits. Schizophr Res, 57(1), 81-85. 
Platek, S. M., Keenan, J. P., Gallup, G. G., & Mohamed, F. B. (2004). Where am I? The 
neurological correlates of self and other. Brain Research Cognitive Brain 
Research, 19(2), 114-122. 
Platek, S. M., Loughead, J. W., Gur, R. C., Busch, S., Ruparel, K., Phend, N., et al. 
(2006). Neural substrates for functionally discriminating self-face from personally 
familiar faces. Human Brain Mapping, 27(2), 91-98. 
Platek, S. M., Myers, T. E., Critton, S. R., & Gallup, G. G. (2003). A left-hand advantage 
for self-description: the impact of schizotypal personality traits. Schizophrenia 
Research, 65(2-3), 147-151. 
Preilowski, B. (1977). Self-recognition as a test of consciousness in left and right 
hemisphere of "split-brain" patients. Act Nerv Super (Praha), 19 Suppl 2, 343-
344. 
Raine, A. (1991). The SPQ: a scale for the assessment of schizotypal personality based 
on DSM-III-R criteria. Schizophrenia Bulletin, 17(4), 555-564. 
Raine, A., Reynolds, C., Lencz, T., Scerbo, A., Triphon, N., & Kim, D. (1994). 
Cognitive-perceptual, interpersonal, and disorganized features of schizotypal 
personality. Schizophr Bull, 20(1), 191-201. 
Reichenberg, A., & Harvey, P. D. (2007). Neuropsychological impairments in 
schizophrenia: Integration of performance-based and brain imaging findings. 
Psychol Bull, 133(5), 833-858. 
Rosch, E., Mervis, C. B., Gray, W. D., Johnson, D. M., & Boyes-Braem, P. (1976). Basic 
objects in natural categories. Cognitive Psychology, 8(3), 382-439. 
Rush, J. A. J., First, M. B., & Blacker, D. (2008). Handbook of Psychiatric Measures - 
Second Edition. Washington, D.C.: American Psychiatric Association. 
Sass, L. A., & Parnas, J. (2003). Schizophrenia, Consciousness, and the Self (Vol. 29, pp. 
427-444). 
Schachter, M. (1976). [Paroxystic auto-prosopagnosia and epilepsy. Physio-pathological 
correlation or chance association?]. Schweiz Arch Neurol Neurochir Psychiatr, 
119(1), 167-176. 
Sergent, J., Ohta, S., & Macdonald, B. (1992). Functional neuroanatomy of face and 
object processing: A positron emission tomography study. Brain, 115(1), 15-36. 
Shergill, S. S., Brammer, M. J., Williams, S. C. R., Murray, R. M., & McGuire, P. K. 
(2000). Mapping Auditory Hallucinations in Schizophrenia Using Functional 
Magnetic Resonance Imaging (Vol. 57, pp. 1033-1038). 
  
96
 
 
Silver, H., & Goodman, C. Verbal as well as spatial working memory predicts 
visuospatial processing in male schizophrenia patients. Schizophrenia Research, 
In Press, Corrected Proof. 
Spangenberg-Postal, K. (2005). The mirror sign delusional misidentification symptom. In 
T. E. Feinberg & J. P. Keenan (Eds.), The Lost Self: Pathologies of the Brain and 
Identity (pp. 131-146): Oxford University Press. 
Spence, S. A., Brooks, D. J., Hirsch, S. R., Liddle, P. F., Meehan, J., & Grasby, P. M. 
(1997). A PET study of voluntary movement in schizophrenic patients 
experiencing passivity phenomena (delusions of alien control) (Vol. 120, pp. 
1997-2011). 
Sperry, R. W., Zaidel, E., & Zaidel, D. (1979). Self recognition and social awareness in 
the deconnected minor hemisphere. Neuropsychologia, 17(2), 153-166. 
Strauss, J. S., & Carpenter, W. T., Jr. (1972). The prediction of outcome in schizophrenia. 
I. Characteristics of outcome. Arch Gen Psychiatry, 27(6), 739-746. 
Sugiura, M., Kawashima, R., Nakamura, K., Okada, K., Kato, T., Nakamura, A., et al. 
(2000). Passive and active recognition of one's own face. Neuroimage, 11(1), 36-
48. 
Sugiura, M., Watanabe, J., Maeda, Y., Matsue, Y., Fukuda, H., & Kawashima, R. (2005). 
Cortical mechanisms of visual self-recognition. NeuroImage, 24(1), 143-149. 
Sui, J., Zhu, Y., & Han, S. (2006). Self-face recognition in attended and unattended 
conditions: an event-related brain potential study. Neuroreport, 17(4), 423-427. 
Tranel, D., & Damasio, A. R. (1985). Knowledge without awareness: an autonomic index 
of facial recognition by prosopagnosics. Science, 228(4706), 1453-1454. 
Traub, A. C., & Orbach, J. (1964). Psychophysical Studies of Body-Image. I. The 
Adjustable Body-Distorting Mirror. Arch Gen Psychiatry, 11, 53-66. 
Troje, N. F., & Kersten, D. (1999). Viewpoint-dependent recognition of familiar faces. 
Perception, 28(4), 483-487. 
Turk, D., Heatherton, T. F., Macrae, C. N., Kelley, W. M., & Gazzaniga, M. S. (2003). 
Out of contact, out of mind: the distributed nature of the self. Ann N Y Acad Sci, 
1001, 65-78. 
Turk, D. J., Heatherton, T. F., Kelley, W. M., Funnell, M. G., Gazzaniga, M. S., & Neil 
Macrae, C. (2002). Mike or me? Self-recognition in a split-brain patient. Nature 
Neuroscience, 5(9), 841-842. 
Uddin, L., Kaplan, J., Molnar-Szakacs, I., Zaidel, E., & Iacoboni, M. (2005). Self-face 
recognition activates a frontoparietal "mirror" network in the right hemisphere: an 
event-related fMRI study. NeuroImage, 25(3), 926-935. 
Uddin, L., Molnar-Szakacs, I., Zaidel, E., & Iacoboni, M. (2006). rTMS to the right 
inferior parietal lobule disrupts self-other discrimination. Soc Cogn Affect 
Neurosci, 1(1), 65-71. 
Uddin, L. Q., Iacoboni, M., Lange, C., & Keenan, J. P. (2007). The self and social 
cognition: the role of cortical midline structures and mirror neurons. Trends in 
Cognitive Sciences, 11(4), 153-157. 
Ventura, J., Lukoff, D., Nuechterlein, K. H., Liberman, R. P., Green, M. F., & Shaner, A. 
(1993). Manual for the expanded Brief Psychiatric Rating Scale. International 
Journal of Methods in Psychiatric Research 3, 221–244. 
  
97
 
 
Watanabe, S., Kakigi, R., Koyama, S., & Kirino, E. (1999). Human face perception 
traced by magneto- and electro-encephalography. Cognitive Brain Research, 8(2), 
125-142. 
Weinberger, D. R., Berman, K. F., & Zec, R. F. (1986). Physiologic dysfunction of 
dorsolateral prefrontal cortex in schizophrenia. I. Regional cerebral blood flow 
evidence. Arch Gen Psychiatry, 43(2), 114-124. 
Whitford, T. J., Grieve, S. M., Farrow, T. F. D., Gomes, L., Brennan, J., Harris, A. W. F., 
et al. (2006). Progressive grey matter atrophy over the first 2-3 years of illness in 
first-episode schizophrenia: A tensor-based morphometry study. NeuroImage, 
32(2), 511-519. 
Yoon, H., & Kircher, T. (2005). The influence of face similarity in the case of the 
perception of morphed self-face. International Journal of Neuroscience, 115(6), 
839-849. 
Yoon, J., D'Esposito, M., & Carter, C. S. (in press). Preserved function of the fusiform 
face area in schizophrenia as revealed by fMRI. Psychiatry Research: 
Neuroimaging. 
Young, A. W., Hay, D. C., & Ellis, A. W. (1985). The faces that launched a thousand 
slips: Everyday difficulties and errors in recognizing people. British Journal of 
Psychology, 76(4), 495. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
98
 
 
  
99
 
 
APPENDIX  I 
 
Gobbini and Haxby (2007) Model for Familiar Face Recognition 
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APPENDIX II 
 
Self Face Recognition Task 
 
 
 
 
 
Self-face recognition (SFR) task where subjects made ‘self’, ‘familiar’ and ‘unfamiliar’ 
judgments for each face presented on a computer screen using specific keyboard 
assignments (V, B, N).  
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APPENDIX III 
Post-study Questionnaire  
 
Participant ID#    _________________________ 
 
Please circle one response per question. If the question has “self face”, “familiar 
face” and “unfamiliar face” parts, then please circle one answer under each of those 
columns.    
 
1.  How long have you known the person in this picture? 
  Self face       Familiar face       Unfamiliar face   
1. Never seen before  1. Never seen before  1. Never seen before 
2. Just a few years   2. Just a few years  2. Just a few years 
3. Most of my life   3. Most of my life  3. Most of my life 
4. All my life   4. All my life   4. All my life  
 
2. How often do you interact with the person in this picture?  
  Self face         Familiar face       Unfamiliar face  
1. Never    1. Never   1. Never 
2. Less than once/year  2. Less than once/year 2. Less than once/year 
3. Annually   3. Annually   3. Annually 
4. Monthly    4. Monthly   4. Monthly 
5. Weekly    5. Weekly   5. Weekly 
6. Daily    6. Daily   6. Daily 
 
3. Please indicate the extent to which you like or dislike the person in the picture. 
  Self face        Familiar  face      Unfamiliar face  
1. Intensely dislike  1. Intensely dislike  1. Intensely dislike 
2. Dislike    2. Dislike   2. Dislike 
3. Moderately dislike  3. Moderately dislike  3. Moderately dislike 
4. Neither like nor dislike  4. Neither like nor dislike 4. Neither like nor  
5. Moderately like   5.  Moderately like  5.  Moderately like 
6. Like    6. Like    6. Like 
7. Intensely like   7. Intensely like  7. Intensely like 
 
4.  Please indicate the extent to which you trust or distrust the person in the picture.  
  Self face         Familiar face      Unfamiliar  face 
1. Intensely distrust  1. Intensely distrust  1. Intensely distrust 
2. Distrust    2. Distrust   2. Distrust 
3. Moderately distrust  3. Moderately distrust  3. Moderately distrust  
4. Neither trust nor distrust 4. Neither trust nor distrust 4. Neither trust nor  
5.  Moderately trust  5.  Moderately trust  5.  Moderately trust  
6. Trust    6. Trust   6. Trust 
7. Intensely trust   7. Intensely trust  7. Intensely trust 
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5. Overall, how accurate do you think you were when recognizing yourself, your family 
member and other unfamiliar people? 
1. Not accurate at all (0%) 
2. Somewhat accurate (25%) 
3. An average amount of accuracy (50%) 
4. Mostly accurate (75%) 
5. Very accurate (100%) 
   
6. When you were presented with the picture of your   brother   sister, how long do 
you feel it took you to recognize him/her?  
1. I recognized him/her immediately  
2. I recognized him/her after just a few presentations of his/her face 
3. I recognized him/her after several presentations of his/her face 
4. I didn’t recognize him/her at all 
 
7.  When you were presented with the picture of yourself, how long do you feel it took 
you to recognize your face?  
1. I recognized myself immediately  
2. I recognized myself after just a few presentations of my face   
3. I recognized myself after several presentations of my face 
4. I didn’t recognize myself at all 
  
8.  How often would you guess that you see yourself in the mirror? 
1. Never 
2. Sometimes 
3. An average amount 
4. Often 
5. All the time 
 
9.  How often would you guess that you see photographs of yourself?  
1. Never 
2. Sometimes 
3. An average amount 
4. Often 
5. All the time 
 
10. If you had any difficulty with recognizing the image of either yourself or your family 
member, please speculate on a reason.  
1. I wasn’t paying attention  
2. I’m not used to seeing pictures of my face/family member’s face (circle one) 
3. The facial features looked different 
4. The face was out of context (e.g. I couldn’t see the body or background) 
5. Other 
 
For #5. please explain the choice you circled.  
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________________________________________________________________________
________________________________________________________________________ 
Any additional comments or suggestions? 
________________________________________________________________________
________________________________________________________________________ 
 
Thank- you for your participation! 
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APPENDIX IV 
Written Comments on Post-Study Questionnaire  
 
 “I could see all of the head." [additional text unreadable] – Autoprosopagnosia patient 
 "This study has been finely tuned to an apparent science. Congratulations!" – 
Autoprosopagnosia patient 
 "Sparse hair and curled lip on family member picture deceived me." – Prosopagnosia 
family member 
 "I chose mostly accurate as I tried to maximize speed and sometimes erroneously 
answered.” - Patient 
 "For a split second I didn't recognize my face. I think it was because I was stairing 
upward and there was no background in the picture." - Patient 
 “That I am interested in the study. First time asked about myself.” - Patient 
 "Rushed through answers." – Family member 
 “Focusing on how bad picture was and clicked the wrong button.” – Family member 
 “I was talking and hit the wrong button..” – Family member 
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Table 1: Demographic Characteristics  
 
 
 
 
1Post-hoc Tukey’s HSD revealed that relatives were older than patients (p<0.001) and controls 
(p<0.001). 
 
 
 
 
 
 
 
 
Key:  M=Mean; SD=Standard Deviation; Ed=Education; Mat = Maternal; Pat = Paternal; 
Ma=Male; Fe=Female; C=Caucasian; AA=African American; A=Asian; R=Right; L=Left, 
Mi=Mixed
Variable Control 
(n=21) 
Relative 
(n=19) 
Patient
(n=21) 
Total 
(N=61) 
Significance 
Test 
P value 
Age (M + SD) 36 +  13 54 + 12 35 + 13 41 + 15 F(2, 56)=12.66 <0.0011  * 
Ed (M + SD) 15 + 3 15 + 3 14 + 2 15 + 3 F (2, 56)=2.62 0.08 
Mat Ed (M +SD) 12 + 4 12 + 4 14 + 3 13 + 4 F (2, 37)=1.49 0.23 
Pat Ed (M + SD) 13 + 4 12 + 3 15 + 4 14 + 4 F (2, 36)=2.52 0.09 
Sex (Ma:Fe) 44:54 42:58 71:29  53:47  2=4.30 0.11 
Race(C:AA:A) 37:37:26 53:42:5 48:48:5 52:42:5 4=5.70 0.21 
Hand (R:L:Mi) 100:0:0 80:20:0 90:5:5 89:9:1 4 =4.94 0.29 
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Table 2: Patient Clinical Characteristics  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key: Yrs=Years; MMSE=Mini Mental Status Exam; SANS=Scale for the Assessment of 
Negative Symptoms; SAPS=Scale for the Assessment of Positive Symptoms; BPRS=Brief 
Psychiatric Rating Scale; LEV=Level of Function. 
                                                 
2 One patient’s age of onset of 50 was identified as an outlier and removed 
3 One patient’s score of 2 was identified as an outlier and removed 
4 Smallest mode shown 
* Distribution was adjusted for normality 
Variable N Mean + SD Median Mode Range 
*Duration illness (yrs) 15 9 + 11 5 5 1 – 33 
*Age of onset (yrs) 14 22 + 4 21 162 16 – 302 
# of hospitalizations  15 3 + 3 2 0 0 – 12 
*MMSE Total 19 27 + 3 28 30 19 – 30  
*SANS Total 20 25 + 16 23 0 0 – 483 
*SAPS Total 20 10 + 15 4 0 0 – 48 
BPRS Total 14 55 + 16  55 364 36 - 84 
LEV Total 14 25 + 9  28 142 13 – 36 
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Table 3: Group Descriptives -  Reaction Time and Accuracy   
 
 
 
  
 
  
 
Face Type Group Reaction Time (ms) Accuracy (% cor) N 
Control 793.37 + 196.39 100.00 + 0.00 20 
Relative 941.58 + 253.02 93.65 + 17.17 18 
 
Unfamiliar 
Patient 1382.73 + 1113.09 93.51 + 13.41 21 
Control 826.78 + 204.03 100.00 + 0.00 20 
Relative 1101.28 + 641.58 92.77 + 23.46 18 
 
Familiar  
Patient 1211.85 + 601.06 97.14 + 7.17 21 
Control 826.29 + 177.48 99.00 + 3.00 20 
Relative 1104.33 + 652.08 94.44 + 23.57 18 
 
Self 
Patient 1713.12 + 1732.46 83.33 + 35.11 21 
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Table 4: Autoprosopagnosia – Demographics and Clinical Variables 
Variable Group Type N  Mean  + SD or 
Mean Rank 
Welchs ANOVA 
or Mann-Whitney  
P 
Autoprosopagnosia 5 33.50 + 16.14 Age  
No Autoprosopagnosia 18 48.20 +12.79 
F (1, 5.47)=3.52 0.11 
Autoprosopagnosia 5 11.80 + 0.44 Education 
No Autoprosopagnosia 18 13.94 + 2.18 
F (1, 20.53)=15.10  0.001* 
Autoprosopagnosia 3 14.67 + 2.30 Maternal 
Education No Autoprosopagnosia 16 14.25 + 2.91 
F (1, 3.32)=0.075 0.80 
Autoprosopagnosia 3 17.33 + 4.61 Paternal 
Education No Autoprosopagnosia 15 14.60 + 4.12 
F (1, 2.67)=0.90 0.41 
Autoprosopagnosia 2 4.00 + 1.41 Duration 
of Illness No Autoprosopagnosia 13 9.77 + 11.64 
F (1, 12.97)=2.91 0.11 
Autoprosopagnosia 2 35.00 + 21.21 Age of 
Onset No Autoprosopagnosia 13 21.69 + 4.66 
F (1, 1.01)=0.78 0.53 
Autoprosopagnosia 5 13.19 Sex 
No Autoprosopagnosia 18 11.69 
U=39.50 0.60 
Autoprosopagnosia 5 14.30 Race 
No Autoprosopagnosia 18 11.36 
U=33.50 0.33 
Autoprosopagnosia 5 12.50 Hand 
No Autoprosopagnosia 18 11.86 
U=42.50 0.75 
Autoprosopagnosia 5 13.60 Multiplex  
No Autoprosopagnosia 18 11.56 
U=37.00 0.43 
Autoprosopagnosia 2 10.50 Subtype 
No Autoprosopagnosia 18 10.50 
U=18 1.00 
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Table 5: Autoprosopagnosia – Clinical Scales  
 
 
Scale Group Type N  Mean + SD Welch’s ANOVA  P  
Autoprosopagnosia 3 10.67 + 15.14 SAPS 
No Autoprosopagnosia 17 9.71 + 15.04 
F (1, 2.49)=0.034 0.87 
Autoprosopagnosia 4 16.50 + 18.57 SANS 
No Autoprosopagnosia 17 25.35 + 16.32 
F (1, 2.52)=0.11 0.76 
Autoprosopagnosia 2 69.00 + 21.21 BPRS 
No Autoprosopagnosia 12 52.50 + 14.47 
F (1, 1.61)=1.12 0.46 
Autoprosopagnosia 4 26.00 + 4.96 MMSE 
No Autoprosopagnosia 16 27.44 + 2.65 
F (1, 3.85)=0.12 0.74 
Autoprosopagnosia 2 15.00 + 1.41 LEV  
No Autoprosopagnosia 12 27.00 + 8.27 
F (1, 11.35)=21.50 0.001*
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Table 6: Autoprosopagnosia - Reaction Time and Accuracy  
 
 
  
   
 
Face Type N  Group  Reaction Time  
(ms) 
Accuracy (% 
cor)  
5 Autoprosopagnosia 2087.87 + 1989.04 78.88 + 22.36  
Unfamiliar 18 No Autoprosopagnosia 1154.32 + 587.37 93.51 + 14.16 
5 Autoprosopagnosia 1648.84 + 854.64 70.00 + 40.62  
Familiar  18 No Autoprosopagnosia 1095.12 + 453.47 98.88 + 03.23 
5 Autoprosopagnosia 1727.18 + 1457.19 0.00   
 Self 18 No Autoprosopagnosia 1618.89 + 1762.17 97.22 + 0.046 
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Table 7: Autoprosopagnosia - Response Error Analysis  
 
 
Face Presented 
 Unfamiliar Familiar Self 
Unfamiliar 78% 
Correct 
30% 
[6+7+14+2+1/100] 
73% 
[14+19+20+19+1/100] 
Familiar 22% 
[6+16+17+0+1/180] 
70% 
Correct 
27% 
[6+1+0+1+19/100] 
 
 
Response 
Provided 
Self 0% 
[0/180] 
0% 
[0+1/100] 
0%5 
Correct 
Note: Bolded numbers indicate % correct; all other numbers indicate error rate.  Numbers in 
brackets are raw data for each of 5 autoprosopagnosia subjects.   
 
                                                 
5 Raw scores are less than 1% 
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Table 8: Schizotypal Personality Questionnaire  
 
 
 
Measure Relatives Controls  Significance test P 
Validity Scales 
MMPI-2 L scale T score  65 + 21 83 + 8 F (2,30 )=5.04 0.013 * 
MMPI-2 K scale T score  41 + 9 45 + 10 F (2, 31)=0.48 0.62 
Total Scores 
Original SPQ total score 20 + 10 14 + 10 F (2, 31) =1.03 0.35 
Modified SPQ total score 40 + 15 41 + 14 F (2, 31) =0.05  0.94 
Subscales 
Cognitive-perceptual  8 + 5 6 + 6 F (2, 31) =0.92 0.40 
Disorganization  4 + 3 2 + 2 F (2, 30) =3.40 0.046 * 
Social interaction  7 + 5 6 + 5 F (2, 31) =0.16 0.85 
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Figure 1: Group Reaction Time 
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Figure 2:  Reaction Time Trend - Group x Face Type Interaction 
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Figure 3:  Group Accuracy   
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Figure 4:  Accuracy - Group x Face Type Interaction  
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Note: Estimated marginal means presented above. Raw accuracy rates did not exceed 100% for 
any group including relatives. 
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Figure 5: Probability of Efficiency for Self Faces – Overall Sample 
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Figure 6: Probability of Efficiency for Self Faces – Groups 
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Figure 7: Computerized Neuropsychological Test Efficiency 
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Note: * indicates significant Welch’s ANOVA F test. Games-Howell post-hoc tests indicated that 
patients performed significantly worse than controls. See text for details.  
 
 
** * * *
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Figure 8: Autoprosopagnosia - Reaction Time Trends 
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Figure 9: Autoprosopagnosia – Accuracy 
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Figure 10: Autoprosopagnosia - Computerized Neuropsychological Test Efficiency 
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 Figure 11:  SPQ - Reaction Time Trends  
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Figure 12: SPQ - Accuracy Trends  
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